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Art. I. —Notes on Tzvo Australian Fungi of the “Sooty Mould ” 

Group. 

By EILEEN E. FISHER, Ph.D. (Cantab.), M.Sc. (Melb.). 

Botany School, University of Melbourne. 

[Read 3rd April, 1941 ; issued separately 15th April, 1942.] 

LlMACJNIA PIILOIOPHILIA n. Sp. 

Mycelio in corticc crescent e; interdum per sum mam stir pern 
arboris aequalitcr pat cute, sed in ingenti magnitudine massas, 
pulvinis similes , saepe aggregato. Hyp his septatis, ccllnlis 
proximo acquis diametris. Maturis hyp his, septis plane 
constrict is, Saccardi pigmento fusco ( umber) ( Ridgway ) 
pier unique diarnetro 44-5 /x. J iivenibus hyphis, in dims partes 
divisis, ad apiceni attenuatis (pierunique diarnetro 9*4/a), olwaceo- 
fulvo (Ridgtmy). Comdiis in hyphis terminantibus, Saccardi 
pigmento fusco (umber) fusiformibus later culis in miiro 
similibus for mat is septatis, 4-5 transrersis septis, 32—38 pier unique 
longis 34-8 /x X 11-13*5 plerumque latis 13-2 f x. Similes hyphis 
appendices conidia interdum ferentes ex base ascocarporum 
oriuntur. Ascocarpis globosis, sessilibus, ora ferentibus, 183-332 
plerumque 249 /x diarnetro. Paraphysibus; ascis tenuibus muris, 
evanescent ibus t octosporis. Ascosporibus Saccardi pigmento 
fusco (umber), fusiformibus pa alum curvatis, phraginoseptatis 
(14-17 septis) 103-148 plerumque 116 fx longis X 8-14 plerumque 
10 f x latis Loca: Stirpibus Kunzeae peduncularis F.v.M . 
Warburtoniensi Victoriac carptis; et Leptospermo lanigero specie 
montana Smith !, in Valle Cradle fas maniac carpto. 

This “ sooty mould ” was found first at Warburton, 50 miles 
E.N.E. of Melbourne (altitude 523 feet). It was growing on 
Kunzea peduncularis F.v.M., which was infected with the woolly 
coccid, Fulvinaria tecta var. alba Masked. More recently this 
fungus has been collected at Cradle Valley (altitude 3,100 feet) 
in Northern Tasmania, occurring on Leftospcnnum lanigerum 
var. montanuin Smith. Also in this locality, a mould very similar 
to that produced by Limacinia phloiophilia was found on 
Melaleuca squamca Lab., another member of the family Myrtaceae. 
However, as this specimen exhibited vegetative structure only, 
it could not be identified with certainty. 

Limacinia phloiophilia appears to be restricted to the stems of 
plants provided with abundant papery bark. The mycelium, 
which inhabits the superficial layers of bark only, may extend 
evenly over the surface of the stem, but it is frequently aggregated 
to form cushion-like masses of considerable size. The specimen 
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photographed (Plate I., fig. 5), measured 3 inches in diameter. 
When, as during the winter, vegetative growth is prolific, the 
surface of these, mycelial masses is sepia (Ridgway), but later 
it darkens to black. 

The young hyphae are tawny olive (Ridgway), dichotomously 
branched and taper towards the apex, where the average diameter 
is 9-4 fx\ in the adult condition they are darker (Saccardo’s 
umber (Ridgway)) and measure 44-5 jx in diameter (Plate I., 
fig. 1). The cells are approximately isodiametric and the mature 
hyphae are conspicuously constricted at the septa. 

The conidia arise terminally on the hyphae and are of the same 
colour; they arc fusiform, muriform-septate, with 4-5 transverse 
walls but the longitudinal septa are sometimes lacking (Plate T., 
fig. 3). The coni dial dimensions are: Length, 32-38 //, aver. 
34*8 fi; width, 11-13*5 / a , aver. 13*2 / a . 

The mature ascocarps are visible to the naked eye as small 
black spots on the surface of the stromatic mycelium. They are 
spherical and sessile, towards the apex the wall is thin forming a 
fairly well-defined ostiole, and hyphal appendages, which 
sometimes bear conidia, arise from the base (Plate I., fig. 4). 
Paraphyses are present; and the asci, which are thin-walled and 
evanescent, contain 8 spores. When mature, these ascospores are 
coloured Saccardo’s umber, they are phragmoseptate (14-17 
septa), and fusiform but slightly curved. They measure 
103-148 fx % aver. 116 ^ in length; and 8-14 /a, aver. 10 \x in width 
(Plate I., fig. 2). The ascocarps are of variable size, 183-332 ju, 
aver. 249 /a in diameter. 


Hysterostomella filicina (B. & Br.) v. H. 

In the fern gullies near Melbourne, Hysterostomella filicina is 
frequently found as a parasite on the tree-fern Dicksonia 
antarctica Labill. The specimens described in this paper were 
collected at Marysville, 63 miles N.E. of Melbourne, but others 
have been found in the gullies to the east, at Kallista and 
Gembrook. 

On the under surface of infected fronds H. filicina forms black 
patches or stromata, which, on cursory examination, resemble the 
“tar spot” fungus, Rhytisma acerinum. It is possible, however, 
to differentiate these two species by means of sections, and for 
this purpose, material was fixed in the fluid known as 2 B.D. 
(La Cour 1931), Microtome sections of about 8 ^ were cut and 
stained with Heidenhain’s iron-alum-haematoxylin, followed by 
a counter-stain of eosin. The stromata of H. filicina may be 
readily distinguished by the fact that this species does not 
penetrate the cells of the leaf. The hyphae are intercellular; they 
accumulate in the stomatal air-cavities forming masses of hyaline 
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plectenchyma, strands of which emerge between the guard cells 
and attach a superficial stroma of olive coloured hyphae 
(Ridgway) to the surface of the leaf. Several such organs of 
attachment occur beneath each stroma (Plate I., fig. 6). These 
plates of hyphie are more or less circular, approximately 2*5 mms. 
in diameter, and each comprises several irregularly arranged 
loculi, which contain asci, but no paraphyses. The mature 
ascosoores are yellowish-citrine (Ridgway). bi-cellular, and they 
measure 8-11 { x X 2-7 p. 

This fungus lias not been previously recorded on Dicksonia 
antarctica; furthermore, its confused taxonomy required 
investigation. 

The type-material was collected on Alsophila gigantca, and it 
was described by Berkeley and Broome (1875) under the name of 
Rhytisma filicimim B. and Br. 

The inaccuracy of this nomenclature was realized by Saccardo 
(1889) who transferred the species to the genus Marchalia Sacc. 

Later, von Hohnel (1909) examined the type-material and 
referred it to the genus HystcrostomcUa Speg. 

More recently, however, to accommodate this species, Theissen 
and Sydow (1915) have created a new genus, Monorhizina, 
because in their opinion each ascostroma is fixed to the leaf by a 
single central attachment, while HystcrostomcUa is characterized 
by several points of insertion. 

Through the courtesy of the Director of the Kew Herbarium 
I have examined a fragment of the type-material of Rhytisma 
filicimim. Although this specimen was insufficient to prove the 
multiple, attachment of the ascostromata, it served to confirm the 
identity of the species occurring on Dicksonia antarctica. The 
latter, as already indicated, illustrates clearly that each ascostroma 
is attached to the leaf at more than one point (Plate I., fig. 6). 

Furthermore, this feature was described by von Hohnel (1909), 
when he examined the type-material of Rhytisma filicinum , and 
upon this basis he differentiated it from the closely related 
HystcrostomcUa rhytismoides , in which a central hypodermal 
stroma was observed. 

Conflicting evidence was supplied by d heissen and Sydow 
(1915). Apparently they did not examine the type-material, 
however, and the new genus which they formed to accommodate 
Rhytisma filicinum, is not accepted by me. 1 he easily detachable 
character of the ascostroma, they attributed to a solitary organ of 
attachment, but this is due rather to the absence of any hypodermal 
stroma. The hyphye do not penetrate the cells of the leaf, but 
merely accumulate in the small air-cavities beneath the stomata. 
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I suggest therefore that von Hohnel correctly referred 
Rhytisma filicinum to the genus Hysterostomella, and the fungus 
parasitizing Dicksonia antarctica is identified as Hysterostomella 
filicina (B. and Br.) v. H. 

Specimens of both species described in this paper have been 
sent to The National Herbarium, Kew, England. 
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Explanation of Plate. 

Plate I. 

1. Young hyphae of Limacinia phloiophilia. X 85. 

2. Ruptured ascocarp of Limacinia phloiophilia. X 125. 

a = young ascinq b = mature ascus; c := paraphysis. 

3. Conidial-bearing hyphse of Limacinia phloiophilia. X 175. 

4. Ascocarps of Limacinia phloiophilia. X 90. 

a hyphal appendage bearing a conidium. 

5. Limacinia phloiophilia. Natural size. 

6. T.S. Frond of Dicksonia antarctica infected with Hysterostomella filicina (B. & Br.) 

v.H. X 300 

a = two loculi in a superficial ascostroma; b = mass of plectenchyma 
filling a stomatal air-cavity, note hyphae emerging between the guard 
cells. 
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Art. II .—The Pakenham Meteorite. 

By A. B. EDWARDS, Ph.D., D.I.C, and G. BAKER, M.Sc. 
[Read 3rd April, 1941; issued separately 15th April, 1942.] 


Introduction. 

Description of the Meteorite.— 

Nodules—Preparation—Widmanstatten structure—Specific gravity 
—Chemical analysis. 

Mineral Composition.— 

Kamacite — Taenite — Pyrrhotite — Graphite — (?) Daubreelite 
—Iron-nickel phosphides—Oxidation products. 

Acknowledgments. 


Illustrations. 


References. 


Introduction. 

The Pakenham meteorite was found during the widening of 
the Princes Highway in 1928, at a point 3 miles west of 
Pakenham township, in the Parish of Berwick, County of 
Mornington. It was discovered in soil at a depth of 3 feet, and 
was collected by an officer of the Country Roads Board. A small 
fragment, weighing only a few ounces, and now lost, was knocked 
off one corner and sent to the Mines Department of Victoria for 
identification. Subsequently the meteorite was obtained for the 
Mines Department by Mr. D. ]. Mahony, then Government 
Pctrologist, and lodged in the Geological Survey Museum in 
February, 1929* The meteorite was coated with limonite scale, 
when found, and weighed 89 lb. It continued to rust and scale 
in the Museum, and in December, 1936, this had reduced its 
weight to 71 lb., a loss of 18 lb. in nearly eight years. 

This meteorite closely resembles both in chemical and 
mineralogical composition the other masses of meteoritic iron 
found in this part of Victoria, namely, the Cranbourne, Beaeons- 
field, and Langwarrin meteorites. Walcott (8) has shown that 
the localities from which these several meteorites were obtained 
lie more or less on a straight line, suggesting that they were all 
derived from the breaking up of a single large iron meteorite 
during flight. The location of the Pakenham meteorite also 
conforms to this line, and it was probably derived from the same 
source. 

Hodge-Smith (3) records the occurrence of an undescribed iron 
meteorite from what is apparently the same locality as that of 
t he Pakenham meteorite, under the name of “ Cranbourne No. 6 V 
He records the weight of this “ Cranbourne No. 6 ” as 9*0 kg. 
(20 lb.), and states that it was secured by Mr. D. J. Mahony in 
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1928, and lodged in the National Museum, Melbourne. It would 
appear that the Pakcnham meteorite and the “ Cranbourne No. 6 ,y 
might be one and the same, but it seems that Hodge-Smith’s 
record is incorrect. There is no meteorite corresponding to the 
“ Cranbourne No. 6 ” in the collection of the National Museum, 
nor was a piece of iron weighing 20 lb. removed from the 
Pakenham meteorite; and this is borne out by the appearance 
of the meteorite. While the meteorite under discussion may 
well be the “ Cranbourne No. 6 ” of Hodge-Smith, we propose to 
avoid confusion by naming it after the locality in which it was 
found. 


Description of the Meteorite, 

When submitted to us for examination, the Pakenham 
meteorite was roughly ellipsoidal in shape, measuring 12 in. X 
7-5 in. X 6-5 in., and was coated with limonite scale. As in most 
of the Cranbourne meteorites, any original surface features have 
been completely destroyed by scaling and rusting. Its weight 7 
as received, was 65 lb. (December, 1940), representing a further 
loss in weight of 6 lb. between December, 1936, and December, 
1940. 

Nodules. 

With the meteorite came several nodules which had been 
recovered from time to time from the scale falling from it during 
its sojourn in the Geological Survey Museum; and similar nodules 
were discovered when de-scaling the iron to slice it. These 
nodules resemble those found in the other Cranbourne meteorites. 
They are generally ellipsoidal in shape, but one was pear-shaped. 
They consist of a core of pyrrhotite, sometimes enclosed by a 
zone, rich in graphite, and surrounded by a narrow rim of 
iron-nickel phosphides (Fig* 2). A thin band of limonite. 
generally occurs between the phosphide rim and the sulphide core, 
and veinlets of limonite have invaded the sulphides. The largest 
nodule found (Fig. 2) measured 40 mm. X 30 mm. X 21 mm., 
and weighed 45 grams. It had a specific gravity of only 3*643, 
while smaller nodules had specific gravities of the order of 
4 *5-4 -7. The low value of the large nodule is due to the presence 
of abundant graphite in it. 

Preparation of the Specimen for Examination. 

The meteorite was first de-scaled with a cold chisel and a 
hammer; about 5 lb. of scale were removed and kept for 
examination. It was then taken to the Metallurgy School, 
University of Melbourne, and cut with an oxy-acetylene flame by 
Mr. A. Wilcock. The meteorite and the piece cut from it were 
cooled first in a stream of compressed air, and then in a bath 
of water. Flat surfaces were obtained by treating both pieces 
in a shaping machine, in which all the fused material was removed, 
as well as a considerable further thickness to ensure the elimination 
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of any heat effect on the structure of the iron. Tool marks were 
removed by subsequent grinding with various grades of 
carborundum, and a final polish was obtained on a buffing 
machine. During the shaping process it was noted that the 
marginal portion of the iron was harder than the centre. A 
mirror-like polish was obtained, but rusting developed on the 
surface within 48 hours. The surface was then re-polished, 
etched with 2 per cent, nitric acid in alcohol to bring out the 
octahedral structure, and treated to preserve it from further 
rusting. No pyrrhotite nodules were encountered either during 
the cutting or the shaping. 

After these operations the main mass of the meteorite weighed 
56*5 lb. This is now in the Geological Survey Museum (No. 
8150). Several small pieces weighing altogether 4 oz. were sawn 
off the piece that had been removed, and polished for minera- 
graphic examination. These and the polished remainder of the 
slice, weighing 1 lb. 4*5 oz., are lodged in the Melbourne 
University Geological Museum. 

I F idmanstatten Structure. 

Etching of the two large polished surfaces with 2 per cent, 
nitric acid in alcohol brought out pronounced Widmanstatten 
figures (Fig. 1), The width of the lamellae of kamacite forming 
this structure varied from 1 mm. to 7 mm., and the average of 
41 measurements was 3 mm. On this basis the Pakenham 
meteorite may be described as a coarse octahedrite, and falls into 
the group (Og) of Prior’s classification (5). 

Specific Gravity. 

The specific gravity of the large slice removed from the end 
of the meteorite is 7-20, that of the smaller pieces sawn from this 
7*032, and that of a selected sample of fresh, clean shavings 
collected during the final shaping treatment 7*927. The value 
obtained from the shavings is probably the more accurate 
measurement for the actual iron, since the shavings were free 
from cracks and nodules. The lower figures for the larger pieces 
may be put down to the presence of air films in cracks and possibly 
the presence of nodules of pyrrhotite. 

Chemical Analysis. 

A chemical analysis (Table 1., Column No. 1) was made from 
a sample of 2*5 gm. of fresh, clean shavings obtained during the 
final stage of shaping the meteorite. 

The sample was not wholly representative of the meteorite, 
since it contained neither sulphur nor carbon, although both these 
elements are present in the nodules of the meteorite as pyrrhotite 
and graphite. No determination was made for chlorine, but this 
element was also proved to be present during the mitteralogical 
examination. Disregarding these inadequacies, however, it will 
be seen that the Pakenham meteorite closely resembles the 
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Cranbourne No. 2, and is not greatly different from the other 
irons from this district. It also indicates that the Pakenham 
meteorite belongs to the nickel-poor, coarse octahedrite group. 


Table 1. 


— 

1 


3 

4 

5 

Fe .. 

Ni 

Co .. 

Cu 

P 

S 

c 

Cl 

Insoluble 

92 31 
6-81 
0-54 
nil 

0-37 

nil 

n.d. 

n.d. 

nil 

9108 

811 

0-50 

o-oi 

o-ii 

6.17 

92-34 

6-38 

0-75 

002 

019 

0-18 

92-56 

7-34 

0-48 

002 

0-26 

0 • 04 
0-05 
o-oi 

92-28 

6-24 

0-58 

0-06 

0-17 

6-32 

Totals 

100-03 

99-98 

99 • 8(j 

100-76 

99'65 

Fe : Ni 

13*5 

11-2 

14-5 

12-6 

14-8 

Sp. Gr. 

7-93 

7-46 




1. Pakenham meteorite, 

anal.—A. B. Edwards. 





2. Cranbourne No. 1, anal.—W. Flight (2). 

3. Cranbourne No. 2, anal.—P. G. W. Bailey anti A. G. Hall (8). 

4. Beaconsfield, anal.—O. Siostrom (8). 

5. Langwa^rin, anal.—P. G. W. Bailey and A. G. Hall (8). 

Mineral Composition. 

Microscopical examination of polished sections of the nickel- 
iron and of the nodules reveals that the iron is composed chiefly 
of kamacite (^-nickel-iron), with minor amounts of taenite 
(y-nickel-iron), and various phosphides. The nodules consist 
of pyrrhotite and graphite, the pyrrhotite forming the core, 
enclosed by a narrow rim of iron-nickel phosphides, with an 
inner margin of limonite. In addition, minute parallel strings of 
a grev-white mineral, possibly, daubreelite, were observed in the 
pyrrhotite. The oxidized crust or scale of the meteorite consists 
chiefly of limonite with residual patches of nickel-iron and the 
phosphides. In places, trevorite is associated with it, and some 
of the scales are encrusted with small quantifies of the chlorides 
of iron and nickel. 

Kamacite ( cc -nickel-iron ) is iron-white and isotropic, strongly 
magnetic, and readily scratched with a steel needle. Standard 
etching reagents behave as follows:—HNO.. produces an 
immediate etching, but without effervescence; HC1 fumes tarnish, 
and the iron washes and rubs brown, but the effect is not 
consistent; KOH and KCN are negative; FeCl 3 instantly turns 
the iron brown, bringing up grain boundaries, and etching grains 
differentially, as well as bringing up a few Neumann lines; 
HgCl 2 darkens the surface immediately. Of the other etching 
reagents tried, 2 per cent, picric acid in alcohol and bromine 
water both attack the kamacite, darkening it, and bringing up 
grain boundaries and crystal structure by differential etching. 
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Tacnitc (y-nickel-iron) is present only as occasional groups of 
parallel lamellae between plates of kamacite (Plate HI., figs. 5 and 
6), and as small triangular areas in the interstices of kamacite 
grains. The taenite, occurs in the dark bands that outline the 
Widmanstatten structure (Plate II., fig. 1). The appearance of 
the etched specimen is misleading, however, in that it gives the 
impression that the dark bands are broad and uniform. Actually 
the dark bands consist of closely interleaved narrow lamellae of 
taenite and kamacite (Plate III., fig. 5). 

The taenite is scarcely distinguishable from the kamacite in 
unetched sections, but is readily distinguished after etching with 
picric acid, bromine water, or 2 per cent. HNO ;j in alcohol, all of 
which darken the kamacite, but do not affect the taenite. Standard 
etching reagents behaved as follows:—HNO s , KOH, KCN, 
FeCl 3 , HgCl 2 were all negative ; HC1 fumes tarnished the taenite 
a deeper brown than they did the kamacite, but the results were 
not consistent. The taenite is strongly magnetic, isotropic, and 
is readily scratched with a steel needle. 

Where the taenite forms triangular areas at the junction of 
several crystals of kamacite, it commonly forms a fine-grained 
ex-solution intergrowth with the kamacite. The kamacite occurs 
as minute ex-solution bodies of lens-like form, with their long 
axes parallel to one or other of three directions. This structure 
is closely comparable with that observed in the Tawallah Valley 
meteoric iron (1). The transformation of y-nickel-iron (taenite) 
into oc -nickel-iron (kamacite) as indicated in this connection is 
accompanied by a gradual enrichment of the residual y-nickel-iron 
in nickel. 1 his has the effect of depressing the temperature of 
transformation, and finally the residual y-nickel-iron becomes so 
enriched in nickel that the temperature of transformation is 
depressed too low for the, change to continue. The alloy then 
becomes stable as a mixture of oc-nickel-iron and y-nickel-iron, 
the proportion of the two constituents depending on the composi¬ 
tion of the original y-nickel-iron. Further, it was shown that the 
transformation proceeds by the development of small bodies of 
cc -nickel-iron in the octahedral directions of the original y-nickel- 
iron, and that as the transformation progresses these bodies grow 
in size by solid diffusion, forming oriented lamella;, and forcing 
residual y-nickel-iron to take up its position interleaved between 
these lamella. Thus arises the Widmanstatten structure. The 
Tawallah Valley iron was of such a composition that this 
transformation was unable to progress beyond the stage when 
small oriented ex-solution bodies of cc-nickel-iron had developed 
in the base of y-nickel-iron. The nickel content of the Pakenham 
meteorite, on the other hand, is such that the transformation went 
almost to completion ; and it was only checked when a minute 
amount of nickel-rich y-nickel-iron remained. The very thin 
lamellae of this residual y-nickel-iron appear homogeneous, but 
the slightly larger triangular areas reveal the ex-solution structure 
by which the transformation was accomplished. 
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Pyrrhotite has been observed only in the cores of nodules 
picked out from the weathered parts of the meteorite. It has a 
creamy-brown colour, is strongly anisotropic and pleochroic, and 
strongly magnetic. In some nodules it forms innumerable minute 
interlocking grains, while in others it occurs as two or three 
coarse grains. In still others, patches of coarse-grained pyrrhotite 
interdigitate with patches of finer-grain. It is readily distinguished 
from troilite by its etching reactions. Thus HNO a tarnishes the 
surface, but washes clean, whereas with troilite it causes vigorous 
effervescence and the evolution of H 2 S. Again HC1 fumes 
tarnish the surface of the pyrrhotite, but do not otherwise affect 
it, whereas troilite effervesces vigorously with HC1 and is stained 
brown. Of the other reagents, KCN, FeCl 3 , and HgCL are 
negative, while KOH slowly stains the surface brown, and reveals 
the presence in the pyrrhotite of parallel strings of grey inclusions 
(Plate III., fig. 8). Microchemical tests indicate that it is not 
nickel if erous. 

The pyrrhotite may form the whole of the nodule core, when 
it is enclosed by a thin rim of iron-nickel phosphides from which 
it is separated by a narrow zone of limonite; or it may occur as 
an irregular-shaped core, surrounded by a zone of pyrrhotite 
intergrown with graphite (Plate II.. fig. 2). The proportion of 
graphite tends to be greater near the outer edge of the nodule, 
where it gives place to a zone of clear pyrrhotite, enclosed in 
turn by a narrow rim of phosphides and limonite. 

Graphite was also found as occasional flakes in part of the 
limonitic coating of the meteorite. In polished sections it is a 
brownish-grey colour, showing distinct anisotropism and 
pleochroism. It is soft, brittle, inert to all etching reagents, and 
marks paper. 

(?) Dauhrc elite .—The hlehs of grey mineral occurring as small 
parallel strings in the pyrrhotite (Plate III., fig. 6) are thought 
to be the rare chromium sulphide daubreelite. This mineral has 
been recorded from the Cranbourne No. 1 meteorite by Flight (2) 
and Smith (6), where it formed zones about the troilite in troilite 
nodules, and from the Langwarrin meteorite by Walcott (8), who 
regarded “ extremely fine veins traversing the thick vein of 
troilite ” which was exposed in the polished face of this meteorite 
as daubreelite because an analysis $»f the troilite revealed a trace 
of chromium. 

The mineral in the Pakenham meteorite is isotropic and inert 
to all etching reagents ; and is harder than the enclosing pyrrhotite. 
The individual blebs forming the strings are too small, however, to 
test microchemically. The orientation of the strings is parallel 
to a crystallographic direction of the pyrrhotite, and the direction 
of the strings varies from grain to grain of pyrrhotite. 

Iron-nickel Phosphides ,—Four varieties of iron-nickel phos¬ 
phide have keen observed in the meteorite. Of these two occur as 
rims around pyrrhotite nodules, and always associated together. 
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The other two occur in the nickel-iron, and do not appear in the 
nodules. Of the two forming the rims about the nodules, one is 
identified as schreibersite, while the other corresponds to the 
brassy coloured phosphide recorded from the Cranbourne No. 1 
meteorite. Of the two in the iron, one has been identified as 
rhabdite, while the other is probably a variety of schreibersite, of 
somewhat different composition to that in the nodule rims. It is 
referred to here as ** schreibersite B ”. All four show distinctive 
features in their appearance, and particularly in their behaviour 
to standard etching reagents, as set out in Table 2. 

Table 2. 

Etching Behaviour of Phosphides. 


•— 

hno 3 

HC1 

KCN 

FeCl 3 

HgCl. 

KOH 

Rhabdite 

Schreibersite.. 

Schreibersite B 

Yellow phosphide 

+ 

. . 

.. 


+ 

4- 


Rhabdite .—This occurs as small rhombs and prisms scattered 
throughout the massive kamacite (Plate ML, figs. 2, 3) in a 
manner and form identical with the descriptions of rhabdite cited 
by Walcott (8) and figured by Johnston and Ellsworth (4). It 
is much harder than the enclosing iron and cannot he scratched 
with a steel needle. It is brittle and brown by contrast with 
the iron, strongly magnetic, and distinctly anisotropic. Tests on 
a small amount of powder composed of such rhombs, and obtained 
as the insoluble residue from 50 grams of iron which had been 
dissolved in 1:1 HNCX, gave tests for iron, nickel, and 
phosphorus. 

Schreibersite .—This is a tin-white, brittle, hard mineral which 
cannot be scratched with a steel needle, occurring as the outer 
rims to the pyrrhotite nodules ( Plate III., fig. 7). It is difficult 
to polish owing to its brittle nature, and is distinctly anisotropic, 
and strongly magnetic. Tests on fragments gave positive tests 
for iron, nickel, and phosphorus. When etched with HN0 3 it 
effervesces very slowly, the bubbles rising from the numerous 
cracks that traverse the surface. On treatment with KOH it 
tends to develop a brown stain, which washes brown, and rubs 
pale brown. This action is a very slow one, and may take place 
only after several minutes. Sometimes it takes place with a 
single application of KOH, sometimes only after two or three 
applications to the same spot. 

Yellow Phosphide .—Associated with the schreibersite, but. 
subordinate to it, is a creamy yellow material (Plate III., fig. 7). 

13044/41 .—2 
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This is softer than the schreibersite, being readily scratched with 
a needle, and lacks the brittleness of the schreibersite. Moreover, 
it does not appear to be magnetic, and is isotropic. Powder 
excavated from a large crystal gave positive tests for iron, nickel, 
and phosphorus, the nickel test being particularly strong. The 
mineral is negative to all the etching reagents but HgCl 2 . With 
HgClo it is slowly stained brown to purplish brown. The stain 
washes the same colour and is difficult to rub off, when it leaves 
a slightly roughened surface. 

Schreibersite B .—The fourth phosphide occurs as occasional 
large, irregular areas whose shapes are partially controlled by the 
octahedral structure of the iron (Plate II., fig. 1), but generally 
as vein-like areas in the interstices of the oc -nickel-iron crystals 
(kamacite crystals), and is extremely difficult to polish on account 
of its brittleness (Plate III., fig. 6). It is weakly anisotropic, 
and in hardness, brittleness, magnetic property, and general 
appearance, it resembles schreibersite. In colour, however, it is 
almost identical with the rhabdite crystals in the adjacent iron 
crystals, while, in etching properties, it is distinct from both. 
Unlike schreibersite, it is negative to both HNO s and KOH, but 
with HC1 it effervesces slowly, the bubbles rising from the 
numerous cracks; and this latter behaviour distinguishes it from 
the rhabdite, which is negative to HC1. Tests on minute fragments 
broken from a vein with a micro-drill gave tests for iron, nickel, 
and phosphorus. 

Walcott (8) described material of similar occurrence in the 
related Cranbourne No. 2 meteorite as schreibersite, but with the 
remark that li it differs seriously in composition from that usually 
ascribed to schreibersite ”, 

The chemical analyses of the various phosphides found in the 
related Cranbourne and Beaconsfield meteorites (8) are 
summarized in Table 3, and show that the chief variant is the 
Ni/Fe. ratio, the proportion of Ni ranging from 42*5 to 14-5 
per cent. 

Table 3. 


Analyses of Phosphides. 


Mineral. 

Ni. 

Fe. 

P. 

Meteorite. 

R habdite .. 

42-5 

41-5 

15 

Beaconsfield 


38 

49 

13 

Cranbourne No. 1 

Schreibersite 

29 

56 

13 

Cranbourne No. 1 


22 

70 

7 

Cranbourne No. 2 


22 


8*5 

Cranbourne No. 2 


18 

66 

14 

Beaconsfield 


20 

67'5 

13 

Cranbourne No. 1 

Yellow phosphide .. 

14*5 

69-5 

16 

Cranbourne No. 1 
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This probably accounts for most of the variation in the phosphides. 
At the same time, it seems probable that there are two series of 
phosphides, one of which contains about only half as much 
phosphorus as is found in the more common varieties. It seems 
possible that this may be the fourth variety—schreibersite B— 
described above. 

Oxidation Products .—Many of the fragments of scale removed 
from the meteorite consist of numerous unreplaced remnants of 
nickel-iron up to 3 mm. in diameter, cemented together by 
ramifying limonite. Sometimes even larger plates of iron were 
preserved. Such fragments generally have a hackly fracture and r 
when polished, simulate an iron-limonite breccia. Other pieces- 
of the scale are sheet-like or lens-shaped, and consist essentially 
of limonite showing well-shaped colloform handing. The 
limonite is studded with minute prisms and rhombs of rhabdite, 
much in the manner of the original iron. No trace of the 
schreibersite B veins was observed, and in view r of the ready 
attack of HC1 on this mineral it is thought that the presence of 
lawrencite in the meteorite could be held accountable for this. 

Trevorite .—Intercalated with the limonite bands are bands of 
a pinkish-brown mineral, which appears to have formed along 
either side of the open cracks. It is an isotropic mineral which 
is inert to all etching reagents but hot HC1, and is hard, but can 
be dug out with a micro-drill. The powder so obtained is 
distinctly magnetic, and yields positive microchemical tests for 
both iron and nickel. It is regarded, therefore, as trevorite, and 
resembles the trevorite found by Stillwell (7) in the Caroline- 
met eorite. 

Chlorides .—In places the scale is coated with minute pustules 
of yellow and green substances. The yellow material sometimes 
appears first as liquid drops, darkens on exposure,, and turns 
dark-brown in a few days. Some of it was quite soft at first, 
but became sticky after exposure for a period. Microchemical 
tests showed that this material consists of ferric chloride, 
indicating that it is lawrencite. 

The, green encrustations have the colour of a nickel salt, and 
microchemical tests proved the presence in them of nickel and 
chlorine, with a trace of iron. The iron was probably derived 
from attached limonite, so that the encrustations probably consist 
of nickel chloride. 
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Explanation of Plates. 

Plate II. 

Fig. 1.—End on view of the Pakenham meteorite, showing Widmanstatten structure 
on the polished surface, which has been etched with 2 per cent. HNO., in 
alcohol. The oblique lighting makes the taenite appear as dark lamellae. 
Actually these dark bands are composite, consisting of thin parallel lamellae 
of taenin interleaved with kamacite as shown in Fig. 5. An unusually large 
area of schreibersite B occurs near the right-hand edge of the polished 
surface. Its shape is largely controlled by the octahedral structure of the 
iron. (Magnification: one-half.) (J. S, Mann, photo.) 

Fig. 2.—Polished section through the centre of a large pyrrhotite nodule. The irregular 
dark core consists of fine-grained pyrrhotite; the light zone around this 
consists of graphite and pyrrhotite intergrown, with a narrow dark marginal 
zone of clean pyrrhotite. Enclosing this is a narrow rim of limonite and 
iron-nickel phosphides. The phosphides appear white. (J. S. Mann, photo.) 

Plate III. 

Shows the typical occurrence of rhabdite as small rhombs and prisms in the 
kamacite, after etching with 2 per cent, picric acid in alcohol. (X 150.) 

Typical rhombs of rhabdite in kamacite, etched as above. (X 660.) 

A typical dark band of the Widmanstatten structure shown in Fig. 1, 
revealing its composite character. Thin parallel lamellae of taenite, with 
characteristic saw-tooth margins, occur interleaved with bands of kamacite. 
The small clear area interrupting one taenite lamella (top right) consists 
of phosphide. Etched as above. (X 150.) 

Parallel lamellae of taenite in kamacite. On the left is a typical vein-like 
occurrence of schreibersite B along the ' grain boundary between kamacite 
grains. its brittleness makes. it difficult to polish, and gives it a 

characteristically fractured and pitted surface. Etched as above. (X 100.) 

Portion of an iron-nickel phosphide rim enclosing a pyrrhotite nodule. The 
white areas are schreibersite. The gray area (with scratches) separating 
the schreibersite areas consist of the softer creamy-yellow phosphide. 
(X 80.) 

Minute lenticular bodies of (?) daubreelite forming parallel strings in a 
single pvrrhotite grain. Etched with saturated KOII. The same nodule as 
in fig. 7. (X 400.) 


Fig. 3.— 

Fig. 4.— 
Fig. 5.— 

Fig. 6.— 

Fig. 7.— 
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Art. HI. — On the Thickness and Age of the Type Yeringian 
Strata, Lily dale, Victoria. 

By EDMUND D. GILL, B.A., B.D. 

[Road 12th June, 1941; issued separately 15th April, 1942.] 
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The Age of the Type Strata. 
Summary and Conclusions. 


The Yeringian Series. 

The Yeringian Series was named by Professor J. \Y. Gregory 
(1903, p. 172) in these words, “The second series we may call 
the Yeringian, after Yering, north of Lillydale. where the beds 
have yielded a small brachiopod fauna. These beds are best 
shown at Lillydale, but the name Yeringian is preferable, a> based 
on a native Australian place name. This Yeringian series includes 
the most important silurian limestones, including those of Lilly¬ 
dale, Loyola, the Thomson River, Cape Liptrap, and also the 
beds of Seville and various localities in the basin of the Woori 
Yallock.” Gregory referred the beds at Reefton, McMahon’s 
Creek, Alexandra and Matlock to the Melbournian Series. 
Junner (1920) referred these beds, which he called “ Panenka 
Beds” to the Yeringian. Chapman ( 1913, 1924) instituted the 
Tanjilian Series to receive these same beds. Skeats (1928) showed 
that Chapman’s sequence was incorrect and abandoned the name 
“Tanjilian ”. Chapman and Thomas (1935) accepted Skeats’ 
correction of the sequence but defined the Silurian ” sequence 
of Victoria as “ Keilorian, Melbournian and Yeringian ", omit¬ 
ting the Tanjilian. They provide lists of fossils for the above 
three series but none for the Tanjilian. They do not include the 
characteristically Tanjilian fossils in either the Melbournian or 
the Yeringian lists. Thomas (1939) mapped the former Tan¬ 
jilian beds with the Yeringian Series. The present writei (Gill. 
1941) gave further grounds for rejecting the name “Tanjilian” 
and in re-defining the Series proposed the name “Jordanian”. 
The Yeringian Series in the view of the present writer is the 
same in extent as originally given by Gregory. The latter thought 
there might he some Yeringian beds in the area east of Warbur- 
ton (1903, p. 171, and section, Plate XXV., fig. 5), and this has 
proved to be so (Gill, 1941). 
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The fossils of the Yeringian Series have been described by 
McCoy, Etheridge, Cresswell, Chapman, Jones, Ripper, Hill, and 
others. Recently, the author (Gill, 1940 b) contributed a paper 
extending ourknowledge of the ^ geographical extent and 
palaeontological content of the type Yeringian strata. A further 
paper (Gill, 1941) referred to the discovery of a fossiliferous 
conglomerate which is the southerly extension of a bed mapped 
by Jutson (1911). This conglomerate is considered to be possibly 
the base of the type Yeringian Series. The fauna is not well 
preserved, but the following forms have been noted: 

COELENTERATA: Specimens of corals were sent to Dr. 

Dorothy Hill who has kindly made the 
following identifications— 

Favosites sp. “reminiscent of F . nitidus Chapman”. 
Heliolites sp. 

Heliolitids, possibly Heliolites. It could be H. daintreei but 
there is no possibility of proof. 

Possibly Prism atop hyllu m but with more septa than P. 

stevensi and longer septa than P. chalkii. 

A large simple rugose coral which could be. Mictophyllum. 

BRYOZOA: 

Reptaria sp. 

Other undetermined Bryozoa common. 

BRACHIOPODA: 

Caniarotoechia sp. 

“ Chonetes " bipartita Chapman. 

Chonetes sp. nov. (also at Lilydale). 

Cyrtina sp. 

cf. Dalmanella elegant ula- (Dalman). 

Nucleospira cf, rnarginata Maurer. 

Plagiorhyncha decemplicata (Sowerby). 

Spirifer of lilydalensts Chapman type. 

CRINOIDEA: 

Abundant stem joints. 

Favo sites nitidus is known at Cooper’s Creek in the YValhalla 
District (Chapman, 1914c; Jones, 1937) in beds of similar age 
to the Warrandyte South Quarry deposits. The writer has 
recently found this fossil (kindly determined by Dr. Hill) at 
Cave Hill, Lilydale. However, because of the imperfect preser¬ 
vation of the corals at Warrandyte, they are of little help in 
correlation. 

The Bryozoan Reptaria has already been recorded from basal 
Yeringian beds near Yankee Jim Creek, Upper Yarra District 
(Gill, 1941) where it is associated with Anoplia. The author 
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has found this genus in a heavy conglomerate on the Yea- 
Alexandra road three-quarters of a mile west of Molesworth in 
a large cutting on the south side of the road. Also in the Mer- 
riang syncline (Yeringian) at Jutson’s locality viii. (1908, Plate 
iii). 

The hrachiopods in the Warrandyte South Quarry conglomerate 
are of Yeringian aspect. Thus, although the fauna of the War- 
randy te South Quarry (by which name it is proposed that the 
locality be known) is poorly preserved, the cumulative evidence 
of the fossils suggests a Yeringian age. The conglomerate and 
grit are quarried for road maintenance purposes, an excavation 
6j chains long and 24 feet wide having been made. The quarry 
is long and narrow because the excavation has followed the 
conglomerate along the line of strike. The section at the southern 
end of the quarry shows 5 feet of conglomerate, then 5 feet of 
quartzitic grit, followed by another band of conglomerate 14 
feet wide. The pebbles of the conglomerate, which are of all 
sizes up to 11 inches in diameter, are composed principally of 
quartz and quartzite. Some are of sandstone. The conglomerate 
is stratified, the beds dipping easterly at 70 degrees and striking 
north 15 degrees east. Jutson (1911, Plate xcii.) has mapped this 
conglomerate in its northerly extension. As Jutson has shown, 
the Warrandyte Anticline is surmounted at Warrandyte by a 
series of small folds. The conglomerate is repeated on these 
various folds. The present writer has found the conglomerate 
further south on the north side (half way down the hill) of 
the road which proceeds west across Anderson's Creek from 
the north end of Park Orchards (Military Map reference: Ring- 
wood 236,421). Selwyn (1852) mapped a conglomerate still 
further south on the Mullum Mullum or Deep Creek. This has 
not been located. 

When Gregory chose the Lilydale beds as the type strata for 
the Yeringian Series he did not define the limits of that series. 
It is suggested that the Warrandyte South Quarry conglomerate 
(a clear field horizon) may mark the lower limit of the type 
Yeringian Series. Selwyn (1856, p. 12) says, “The before- 
mentioned fossil if erous limestone breccia and conglomerates are 
the only beds of a decidedly marked character in the whole area, 
which can be taken as a geological horizon and by means of 
which we may hope eventually to subdivide the palaeozoic strata 
of the Yarra basin into their upper and lower portions.” 

Another question to present itself is where, if at all, the 
conglomerate outcrops on the other side of the synclinorium 
which encloses the Yeringian beds of the Lilydale, Seville, and 
Killara districts? Attention is drawn to the conglomerate at 
Narbethong mentioned by Junner (1914/;) and Edwards (1932). 
From this locality fragmentary fossils of a Yeringian character 
were obtained (Edwards, 1932, pp. 52-53). 
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The conglomerate at Warrandyte South may he compared 
with the Yeringian basal conglomerate and grits of the Walhalla 
synclinorium described by Herman (1901), Whitelaw (1916), 
Junner (1920), Baragwanath (1925), and Skeats (1928). Len- 
ticles of limestone are associated with these beds. A conglomerate 
at Heathcote has been regarded as basal to the Yeringian Series 
(opinion cjiioted by Thomas, 1937, p. 67). 

Like the Walhalla basal conglomerate and grit, that at War¬ 
randyte South Quarry contains limestone, although in this case 
it is decalcified in the exposed part. To the south, half a mile 
west of the Scoresby State School, the Geological Survey collected 
in 1927 some fossils in impure barytes which were considered to 
be replacements of limestone fossils. Dr. Dorothy Hill examined 
these but was not able to discover in them any sure coralline 
structure. It is interesting in this connection to note the recording 
from Woori Yallock of calcareous fossils in barytes by Mitchell 
(1930). Through the kind help of Mr. 1\ S. Colfiver. who 
assisted Mr. Mitchell in the collection of these fossils, I was 
enabled to examine the specimens referred to in Mitchell's paper. 
They include the following forms: 

Favosites v sp. 

Lindstroemia cf. yeringae Chapman. 

Orthoceras sp. 

Conularia sp. ( fragment carrying typical ornament). 

Beyriehia sp. 

Numerous crinoid stem joints. 

Brachiopod fragments. 

thus in the Yeringian Series of the Lilydale and adjacent 
areas there is pure limestone at Cave Hill, impure limestone (60 
per cent, silica, 30 per cent, calcium carbonate) at Seville (Cress- 
well, 1901), decalcified limestone in the Warrandyte South Quarry 
conglomerate, limestone replaced by barytes at Woori Yallock, 
and possibly the same at Scoresby. According to Gregory (1903. 
p- 170) the limestone occurrences are characteristic of the 
Yeringian strata. 

The Thickness of the Type Strata. 

Selwyn (1852) was the first to publish data concerning the 
structure of the type Yeringian area. He made a chained and 
levelled section from 1^ miles west 15 degrees south of Kinlochue 
Inn, Sydney road, Parish of Micklcham, to Mount Corhan- 
warabul, near Mount Dandenong. This section showed a large 
synclinal structure through the Lilydale district. Gregory (1903) 
called this the “ Lilydale Synclinal ”, making the following com¬ 
ments: "East of this Melbourne fracture zone the beds have 
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a regular dip to the west. This slope is a part of a great 
anticlinal, of which the axis passes through Warrandyte. Along 
this anticlinal axis there is another line of contortions and faults, 
along which occurs a series of auriferous quartz reefs. The 
eastern leg of the anticlinal is much steeper than the western ; 
and beyond it we come to the great synclinal which passes through 
Lillydale and Yering. We will therefore call it the Lillydale 
Synclinal.” Jutson (1911) worked out the structure of the 
Warrandyte anticlinorium (to the west of Lilydale) and com¬ 
puted the thickness of the rocks on its eastern limb as being 
between 14,000 and 15,000 feet. Later, Junner elucidated the 
structure of the rocks to the north-west (1913) and north (1914) 
of Warrandyte. Thomas (1939, p. 62) contributed the following 
comment on the structure of the rocks: k ‘ Between the Starvation 
Creek and the Lilydale outcrops the general structure seems to 
be synclinal, and this may be termed the Lilydale-Warburton 
synclinorium. The graptolite localities at Macclesfield show more 
complexity than is indicated in this general statement, and it may 
be advisable to separate the Lilydale from the Warburton syn¬ 
clinorium. In any case the extension eastwards of the Walhalla 
beds is a great help in picturing the general structure of this 
part of Victoria, which forms the Lilydale synclinal of 

Gregory.West from Lilydale the principal anticlines are 

those of Warrandyte, Templestowe, and Whittlcsea, and in each 
of these Melbournian fossils have been recorded. It is a sad 
commentary on the state of our knowledge that we are unable 
to show the houndary between the Melbournian and Yeringian 
in this part of Victoria, i.c. between the type areas.” One finds 
it difficult to follow Thomas’ interpretation of the structure 
between Starvation Creek and Lilydale. To begin with, these 
two localities comprise beds of different ages. The Starvation 
Creek beds are Jordanian, while the Lilydale beds arc Yeringian. 
The Toscanite screens part of this section but to the north the 
Yeringian beds on the View Hill Creek give evidence of their 
continuance. Probably there is a synclinorium between Warran¬ 
dyte and Warburton, as already suggested. 

The wide extent of the Yeringian beds' may well he clue to 
their repetition caused by a strongly pitching anticlinorium which 
brings up Melbournian beds in the Macclesfield area. Edwards 
(1940) surmised the presence of a brachy-anticlinoriiun. This 
will be proved if Yeringian beds are found to the south. Hall 
(1914) recorded Monograptiis priodon from Macclesfield. Mr. 
R. A. Keble and the present writer found Monograptiis on a road 
which proceeds west from the Macclesfield-Woori Yallock road 
on the north side of allotment 98, Parish of Nungana. The 
specimens were obtained from a cutting on a rise about \ mile 
west from the Macclesfield-Woori Yallock road. These Mono - 
graptus beds are Melbournian and occur on an anticlinal axis. 
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Further north at Yellingbo Yeringian fossils have been col¬ 
lected, viz.: 

Anoplia australis, sp. nov. 

“ Chonetes ” bipartita Chapman. 

Nucleospira australis McCoy. 

Hyolithes sp. 

The locality is a low cutting on the road running west from the 
picnic ground beside Woori Yallock Creek, about •£■ mile from 
the creek. The dip is 53 degrees northerly and the strike east 
15 degrees north. 

In the quotation already given, Thomas states that Melbournian 
fossils have been recorded in the Warrandyte anticline. Chapman 
also made this claim (1914a, p. 209;. The present writer (1940ft) 
has shown that the fossils from Anderson’s Creek do not deter¬ 
mine the age of the beds, and further (1941) that there is a 
conglomerate with Yeringian fossils at or near the axis of the 
Warrandyte anticline. The Anderson’s Creek conglomerate 
(Selwyn and Ulrich, 1866, p. 12; Murray, 1887, p. 44; Jutson, 
1911, p. 521) is apparently the same as that at Warrandyte South 
Quarry. The same Spirifer, bryozoa and crinoids are found at 
both localities. The conglomerate appears to be repeated over 
the small anticlines and synclines which crown the Warrandyte 
Anticline in the vicinity of the Warrandyte township. Thus the 
conglomerate is about the oldest horizon on the Warrandyte 
anticline, which is therefore Yeringian and not Melbournian as 
formerly supposed. 

Gregory (1903, p. 172) was surprised that the Lilydale beds 
could not be found on the western limb of the Warrandyte Anti¬ 
cline. They are not repeated there, the reason being that there 
is too great a thickness of rocks on the eastern side for all of 
them to be repeated on the rising synch norial folds of the western 
side. Jutson (1911, p. 532) found a difference in the thickness 
of beds on the two limbs of the anticline. As Gregory and Jutson 
noticed, the dips on the whole are steeper on the eastern side 
than they are on the western side. Unfortunately, the rocks 
from the axis of the Warrandyte anticline as far as the Brushy 
Creek escarpment are practically untossiliferous; these are the 
beds which are repeated on the other side of anticline. In an 
earlier paper the author (1940ft) described some laminated fossi- 
liferous quartzites from the Yarra-road (locality 19 on the map). 
Similar beds occur in a road cutting at the southern end of 
Dublin-road, Ring wood East, and in cuttings at the northern ends 
of Lumm’s and Jell’s roads, near Wheeler’s Hill. These contain 
the same kinds of fragments seen in the Yarra-road rock, but 
only critioid stem joints were definitely identified. However, it 
seems likely that these are three outcrops of the same strata. 
The matrix is a particularly distinctive one. This same matrix 
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(which is presumed to be the same strata) has been found near 
the axis of the Bulleen Syncline, viz., on Williamson’s-road, \ 
mile north of its junction with the road proceeding north from 
Doncaster (Military Map reference 157, 409). At this locality 
the following fossils have been found: 

Nucleospira cf. marginata Maurer. 

Chonetes sp. 

Abundant brachiopod and crinoid fragments. 

At the four localities where this same matrix is known the 
crinoid stem joints are common and of a small diameter with 
a simple pattern. This may he considered to he characteristic of 
the beds and a help in correlation. Thus there is some structural, 
lithological, and palaeontological evidence for assuming that the 
almost unfossiliferous beds from the axis of the Warrandyte 
Anticline to the Croydon scarp are the beds repeated on the 
western limb of the anticline. Because of the mounting of the 
folds in anticlinorial fashion to the Templestowe anticline on 
which the oldest beds of the series outcrop, the fossiliferous 
Lilydale beds do not appear again. That the beds of the Temple¬ 
stowe Anticline are the oldest is shown by the collection of 
Climacograptus and Diplograptus from the Diamond Creek mine 
(Junner, 1913), and of Iltaenus jutsoni from west of Temple¬ 
stowe (Chapman, 1912). This palaeontological evidence agrees 
with the conclusions reached from the geological sections drawn 
by Selwyn (1852), Junner (1913), and Nicholls (1930 ). 

The map accompanying this paper shows a number of features 
not previously known. The mapping of the area has shown that 
the principal structures shown by Jutson are substantially correct. 
The Warrandyte Anticline and the Bulleen Syncline have been 
traced southwards to where they disappear under the Tertiary 
sands in the vicinities of Notting Hill and Carnegie respectively. 
The Warrandyte Anticline passes through Springvale-road at 
Tunstall, about half way between Canterbury-road and Central- 
road (the next parallel road further north). Passing through 
Tallv Ho it crosses Waverley-road between the termini of 
Stephenson’s-road and the road just east of it which runs from 
Waverley-road to Ferntree Gully-road at Notting Hill. On this 
last-mentioned road easterly dips appear in a road cutting just 
north of Scotchman’s Creek, while a few hundred yards further 
west there are westerly dips in a big quarry (marked on the 
Military Map). Between these two adjacent points the axis of 
the Warrandyte Anticline passes. The Bulleen Syncltne cuts 
Serpell-road at Templestowe about half way between William¬ 
son’s-road and Church-road (the next parallel road further east). 
Further south it runs through Mont Albert in the vicinity of the 
railway station. Further south still it crosses the railway line 
between the Burwood and Ashburton railway stations. 




The roads and railways have been drawn from the Military May (Ringwoocl Sheet, 1935). 
The dips and strikes were measured during the past two years, and / degrees has been added to the 
magnetic readings as the map is meridional. The area of structure actually mapped extends for some 
miles in all directions beyond the borders of the map in fig. 2. Only the mapping needed to indicate 
the thickness of rocks in the synclinorium is presented. Some other data are provided in the text. 
A few dtps ami strikes have been taken from the map of Ringwood and Warrandyte by Moon (1893). 
Some dips and strikes in the northern part of the area are readings kitully made available for me 
by Or, p a Singleton. The numbers 30 and 31 refer to the fossil localities " Warrandyte South 
Quarry ” and “ Dublin Road. Ringwood East " respectively. These numbers follow on those given 
on a previous map (Gill, 19406. fig. 1, p. 252). The position of the axes of the synclines and 
anticlines are only approximate in some cases. However, the detailed evidence of dips and strikes 
is given so that the extent of possible variation is clear. 

The exact location of the Lilydale Syncline is not known, and so it is marked with a question 
mark on the map. The text provides knowledge of its location further to the north and it is 
surmised that it continues in the same general direction to the south. The westerly dip in the 
south-east part of the map suggests the presence of an anticline hut the flat country further north 
is devoid of outcrops, so the axis shown in the man is marked with a query. This part of the 
mapping is unsatisfactory, but all the data available have been collected. 

[Page 25.] 
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Nicholls (1930) has traced the Blackburn Anticline as far 
south as Qakleigh. Its eastern limb is seen in the north as strong 
easterly dips on both sides of Blackburn-road in a cutting marked 
on the Military Map (reference 422,380), H miles north of 
Blackburn. The anticlinal axis can be seen (not marked on 
Nicholls’ map) on Burwood-road, half a mile west of Middle- 
borough-road. At the west end of the cutting in which this axis 
appears, there is a decomposed dyke 18 inches wide containing 
whitish phenocrysts. It is associated with a change of dip from 
52 degrees west to 18 degrees west. The Ringwood Anticline has 
been traced southwards through Vermont and (Hen Waverley 
to Springvale. 

From the better-known structures further west we come to 
Lilydale itself. Gregory gave the name “ Lilydale Synclinal ” 
to the synclinorium enfolding the Yeringian type strata. I pro¬ 
pose that the name ” Lilydale Syncline ” be given the structure, 
in which are the well-known Lilydale limestones. This syncline 
is a little east of Yarra Glen in the north (where there is a 
strong southerly pitch), west of “ Flowerfield ” Quarry, west of 
Yering Railway Station, and a little to the east of Cave Hill 
Quarry. The comparatively low dips at north of Lilydale, 
“ Flowerfield ” Quarry, and Yering Railway Station may he due 
to proximity of the synclinal axis. The buckling of the strata 
seen at the northern end of Cave Hill Quarry where the dip is 
lessened from 60 degrees to 35 degrees may be due to the same 
cause. 

Jutson (1911) has described a zone of closely approximated 
anticlines and synclines at Warrandyte. A similar zone occurs at 
Yering Gorge and another at Ringwood East, most of the struc¬ 
ture of the last-named area appearing on an old Geological Survey 
map (Moon, 1893). A fold not previously recorded has been 
observed in the cutting on Victoria-road just north of the Lilydale 
cemetery. These beds dip to the west while the strata in the 
cemetery dip to the east. At the adjacent locality “ west of Lily¬ 
dale Cemetery” (see map, Gill, 1940&), the rocks, as far as can 
he ascertained, also dip to the east. The rocks are decomposed but 
a harder band of quartzitie sandstone with its fossils gives a fairly 
definite indication of an easterly dip. Further west at Ruddock’s 
Quarry easterly dips occur. To the south there are a number of 
outcrops, yet no sign of this anticline can be found, unless the 
westerly dip at Boronia shown at the southern limit of the map 
is a continuation of the same structure. At the fossil locality 
north of Lilydale there is a fauna comparable with that at 
“ Flowerfield ” quarry and cutting. However, the first-named 
locality is more than a mile west of u Flowerfield.” It may be 
that the anticline observed in the Victoria-road cutting continues 
to the north, and that over it the north of Lilydale horizon is 
repeated at “ Flowerfield.” Paucity of outcrops prevents the 
observation of detailed structure in this area. 
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In the area under consideration, a feature of some note is 
the marked difference in physiography between the country south 
of the Mitcham axis (Hills, 1934, p. 174), and that north of it. 
This is very noticeable if a contoured map, such as the military 
map for Ringwood, is examined. In the north the contour lines 
are crowded together, while in the south they are much more 
spaced. The general lithology of the northern area is corres¬ 
pondingly different from that of the south. The rocks of the 
former area are much more indurated. Whitelaw (1895) ex¬ 
plained this as being due probably to the proximity of an intrusive 
igneous mass. Dykes are common in the area. It is noticeable 
that the gold-mining fields (Warrandyte and Queenstown) are 
restricted to the indurated country. To the many records of dykes 
already made, two more are now added in view of their interest 
and significance. First, there is a dyke of sericitized felspar 
porphyry (Univ. Coll. Rock Sections, No. 5185) in the Yering 
Gorge, where, after half a mile of straight course, the river 
turns east at right angles in a series of rapids (Military Map 
reference 342,515). 

The second dyke is of quartz porphyry, and outcrops on the 
Brushy Creek-road near the River Yarra at the northern extremity 
of the Brushy Creek escarpment. It is at the top of the hill 
which slopes down steeply to the river on the north and to Brushy 
Creek on the east. This dyke is at the northern end of Jutson’s 
“Brushy Creek Fault” (Jutson, 1911) the existence of which 
was questioned by Hills (1934). This dyke accounts for the 
supposed larger throw of the fault at this point. However, if 
the fault is a dip slip strike fault as thought by Jutson, and the 
throw of the fault is of the dimensions he describes, then even 
if it is present, it will not affect very much the computation of 
the thickness of the strata, seeing that such a great thickness of 
rocks is involved. An examination of the area has revealed no 
major faulting. If the Warrandyte South Quarry conglomerate 
is regarded as the base of the Yeringian strata, and the thickness 
of the series measured along the line A—B on the map (fig, 2), 
the series is seen to be of considerable thickness. The average 
dip is estimated at 45 degrees, although often the dips measured 
were in the vicinity of 60 degrees, there were many of about 
45 degrees and quite a number lower still (e.g., Ruddock’s 
Quarry; in the vicinity of Ringwood; AY onga Park-Warrandyte 
road; and in the vicinity of Mitcham). There are also occasional 
rolls or monoclines as seen in the big quarry on the N.E. 
side of Loughnan’s Hill, Ringwood, and in the quarry off the 
Heidelberg-road west of Warrandyte. In addition, there are 
minor folds (see S.W. area of map) to take into account. 
The almost east-west strike seen half a mile north of Ringwood 
suggests a small pitching fold. The sum distance of country 
over which easterly dips prevail is estimated from present 
evidence as approximately 4-3 miles. This gives a thickness of 
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3*04 miles of strata or 17,000 feet. This must be regarded as 
the maximum thickness, the actual thickness being quite probably 
less than this figure. Were it not for Moon's map (1893), we 
would not now be aware of the structure which exists at Ring- 
wood East. There were formerly brick pits and a kaolin mine 
in that area, which facilitated the study of the structure. It may 
be noted that Selwyn (1852) shows a west dip on the Brushy 
Creek, west of Lilydale. The author has been unable to detect 
the syncline which such a dip infers. There is so much alluvium 
in the area that it screens the bedrock, and the gentle hillslopes 
provide no instructive outcrops. There are other considerable 
areas where no outcrops are to be found. The possibility of 
much more structure existing than has been found must be borne 
in mind. The seeming absence of structure between Croydon 
and Lilydale is remarkable, as there are signs of folding further 
north (Victoria-road cutting near Lilydale cemetery) and further 
south (Boronia). Moreover, on the eastern side of the Lilydale 
syncline there are folds not far from the axis, as can be seen 
north of the toscanites. The thickness of rocks in the Lilydale 
synclinorium may then be regarded as being between 10,000 and 
15,000 feet, but more outcrops are needed for a more accurate 
calculation. 

This thickness of type Yeringian strata may now be compared 
with the thickness of Yeringian rocks in other parts of the State. 

(a) Walhalla:—In this district there is a thickness of 10,000 
feet of Yeringian beds (Baragwanath, 1925). As these beds lie 
in a synclinorial fold, their precise original thickness cannot be 
measured. This applies to most of the Yeringian deposits. 

( b ) Heathcote :—There is a thickness of 12,000 feet above the 
Melbournian, according to Thomas’ calculations (1937, p. 64). 
The top of the formation is faulted out of sight so that the full 
thickness of the series is not known. The Dargile beds are 
obviously Melbournian, as is shown by their graptolite content. 
The Mt. Ida beds are typically Yeringian. In between the Dargile 
beds and the Mt. Ida beds are the Mclvor beds, the precise 
correlation of which is not yet clear. They may correspond to 
the lower unfossiliferous strata of the type series, or they may 
constitute a more littoral facies of the Jordanian, much of which 
is pelagic, or thirdly, they may prove to he correlative with both. 
However, shelly beds in the Jordanian have only recently been 
discovered, and the fauna of the Mclvor beds at Heathcote has 
not yet been worked out, so no dependable conclusions can be 
reached. 

(c) Whittlesea:—-Jutson (1908) computed the thickness of the 
Yeringian rocks at Whittlesea to be 7SO feet. The original 
thickness of the series in this area cannot be accurately estimated 
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because the extant beds are a remnant preserved in a synclinal 
structure. Nevertheless, the actual thickness at present persisting 
appears to be more than Jutson stated. The so-called Passage 
Beds are definitely Yeringian, as is plainly indicated by the 
presence of Pleurodictyum megastonium, Stropheodonta alota , 
Actinopteria boydi, &c. Indeed, all the specific determinations 
given by Chapman (p. 221) , in his appendix to Jutson’s paper, of 
fossils from the Yeringian beds at Whittlesea (except 
Plagiorhyncha decernphcata, which is also Melbournian) are 
contained in the beds he classifies as Passage Beds (p. 220). In 
addition, there is a number of other definitely Yeringian forms; 
as Stropheodonta alata, Rhynchotreta cuurata, Actinopteria boydi, 
Phacops cf. szveeti, and DaUnamtes rneridianus . Moreover, 
Jutson has drawn a fault in his section where the dips on his 
own map show an anticline to be present, apparently with a pitch 
to the north. The difference in strike on the two sides of the 
anticline, to which Jutson appeals as evidence of faulting, is no 
doubt due to the asymmetrical character of the pitching anticline, 
the dips being 8 degrees and 10 degrees on the west side, whereas 
they are 40 degrees and 50 degrees oti the east side. The pitch 
would give the differential strikes. The most variant strike 
(N. 40 degrees E.) is on the side of the structure which has 
the low dips, this is to be expected if the foregoing interpretation 
of Jutson’s map is correct. 

Recently a traverse of Jutson’s section was made by Mr. R. B. 
Withers and myself. West of the Eden Park-road, at a point 
just south of the bend to the east, a big washout in the creek 
showed a strong easterly dip prevailing in the bedrock. An 
easterly dip was also observed on the Eden Park-road a little 
north of the bend referred to. The creek outcrop shows that the 
axis of the anticline (which occurs where Jutson has a fault) 
does not run north-south, hut veers to the west more or less 
parallel with the axis of the Whittlesea anticline. This accords 
well with the dips shown to the north of Jutson’s map. The 
strike of the beds indicates that this holds also for the axis of 
the Merriang syncline. One implication of this revised picture 
of the structure is that Jutson’s localities VI. and VII. are not 
two points of outcrop on the same line of strike (as shown on 
Jutson’s map), but outcrops of the same bed on the two sides 
of an anticline. Locality VI. is nearer the axis than locality VII. 
because of the much higher dips on the east side of the. anticline. 
If all the beds from the axis of this anticline to the axis of the 
Merriang syncline are Yeringian, then there is a thickness of 
some 1,200 feet present. 

( d ) Kinglake:—Mr. R. B. Withers informs me that there is 
a great thickness of Yeringian rocks in this area, but the actual 
figure has not yet been worked out. 
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The Age of the Type Strata. 

The following table sets out the ages attributed to the type 
Yeringian strata by various authors:— 

Table 1. 


Author. 

Locality. 


Attributed Age. 

Selwyn, 1852 

On line of section 

•• 

t! This series contains numerous 
fossils of Silurian and Devonian 
forms " 

McCoy, 1876 

Sect. XII, Parish of Yering 

“ Probably identical with the May 
Hill Sandstone ” 

McCoy. 1877 

Yering shale 


Wenlock “ Lower Holderberg ” 

Etheridge, 1890 .. 

Cave Hill limestone 


Upper Silurian, i.e., the present 
Silurian 

Cresswell, 1893 .. 

Whole series 


Silurian 

Gregory, 1903 

Whole series 


Silurian 

Chapman, 1913, p. 209 .. 

Lilydale shales .. 


Wenlock 

Chapman, 1913, p. 211 
Thomas and Keble, 1933 .. 

11 11 

Whole series 


Wenlock and Lower Ludlow 


Wenlock 

Withers and Keble, 1933, 
p. 235 

Lilydale mudstone 

** 

Wenlock 

Chapman and Thomas, 1935 

Whole series 


Silurian, with Devonian elements 

Ripper. 1938 

Cave Hill Limestone 


Lower Devonian 

Hill. 1939 



Lower or Middle Devonian 

Jones and Hill, 1940 

» j? 

... 

Lower or Middle Devonian 


The early computations of age were made on rather slender 
objective evidence, and so the results were necessarily of limited 
value. Later researches appear to have been influenced by these 
earlier findings. Until the recent studies were made, the age 
of the beds was accepted as Wen lock. Although Chapman 
regarded the Lilydale beds as Wenlock, he recognized some 
Devonian elements in the fauna (1908, p. 8; 1914a, p. 232). The 
acceptance of the Wenlock age-determination as a premise by 
Thomas and Keble (1933) vitiated their argument that the 
Melbournian series is younger than the Yeringian series. The 
Melbournian beds are certainly younger than Wenlock, as is 
shown by their graptolite content (Jones, 1927; Thomas and 
Keble, 1933). However, the Yeringian series is not Wenlock 
in age—a conclusion upon which Thomas and Keble depended 
(pp. 79, 81). Nevertheless, the implications of their work are 
important. They extended the graptolite evidence brought 
forward by Jones (1927), and established the Lower Ludlow age 
of the type Melbournian beds. The Yeringian beds overlie ,the 
Melbournian strata, and therefore must be younger than Lower 
Ludlow. In 1929, when describing the Reefton (Lower 
Devonian) beds of New Zealand, Allan (1929, p. 323) offered a 
criticism of the age-determination of the Yeringian in these 
words, “ The Yeringian stage in Victoria is not a clearly defined 
unit, and any exact correlation thereof with the Silurian sequence 
of Great Britain must be considered entirely provisional. In this 
connexion the importance of facies has not been fully appreciated 
by Australian geologists.” 

13044 / 41.—3 
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In 1938, when describing the Baton River (Lower Devonian) 
beds of New Zealand, Shirley (1938, p. 492) wrote, “This fact 
(viz., the occurrence of Pleurodictyum megastomum and Recep - 
faculties australis in Victoria) coupled with the statement 
mentioned by Dun in the introduction to the present work (viz., 
that the Baton River fossils are comparable with the Yeringian 
ones) suggests that the Yeringian contains at least one fauna 
similar to that of the Baton River series.” Shirley also wrote 
(p. 499), “The identity of two species in the Baton River fauna 
with species from the Yeringian formation of south-eastern 
Australia, usually referred to the Wenlock, suggests that the age 
of some portion at least of this formation requires revision/’ 

Ripper, after making detailed studies of the stromatoporoids of 
Lilydale (1933, 1937a) and Loyola (1937/;) wrote a paper on the 
stratigraphical implications of this work (1938). She concluded 
that the Lilydale limestone is probably of Lower Devonian age. 
It is interesting to note that although McCoy referred Yeringian 
fossils to the Wenlock, he considered that to be equivalent with 
the Lower Heklerberg of North America (1877, p. 24). Hill 
(1939), after studying the corals, came to the same conclusion 
regarding the age of the Lilydale limestone as Ripper had done, 
but added that strong Middle Devonian elements were present. 
This finding wa's accepted only with some degree of reserve. It 
was thought that there may have been instances of precocious 
evolutionary advance in that habitat, but that this advance was 
confined to those particular ecological conditions. In other words, 
it was thought that, the limestone lenticle might carry Lower 
Devonian fossils but that the accompanying shales were Upper 
Silurian. Later, the present author wrote a paper (1941) on the 
Pancnka-Styliolina beds, which he called Jordanian, and which 
come between the Melbournian and the Yeringian series, as is 
clearly seen on the Walhalla synclinorium. These beds Chapman 
formerly considered to be probably Lower Devonian in age 
(1928). Although he was not right in considering that they 
came above the Yeringian series, yet the fact that he was brought 
to believe them to be Lower Devonian, or at least uppermost 
Ludlow, by reason of their palaeontological content, is not without 
significance. There is a considerable thickness of these beds in 
the Upper Yarra district between the graptolite-bearing 
Melbournian rocks and the Yeringian strata. As the Melbournian 
beds are definitely Lower Ludlow, and the Jordanian series comes 
between them and the Yeringian strata, then a Lower Devonian 
age for part at least of the Yeringian series is seen to be not 
unlikely. 

However, the Lower Devonian age of the Yeringian shales 
and sandstones at Lilydale can now be demonstrated, largely 
through the discovery of a well-preserved faunule at Hull-road, 
Mooroolbark {vide Gill, 1941). It is now possible to correlate 
the Lilydale beds with the Baton River (Lower Devonian) beds 
of New Zealand, described by Shirley (1938). It should be noted 
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that Thomas (1937, p. 67) has indicated the Devonian aspect of 
Yeringian beds at Heathcote. Here follows a preliminary 
palaeontological survey of some of the fossils which are of special 
significance stratigraphically. 

Phylum PORIFERA. 

Class HEXACTINELLIDA. 

Genus Receptaculites Defrance, 1827. 

Receptaculites australis Salter. 

(Plate V., figs. 2, 4, 5.) 

Receptaculites australis Salter, 1859, p. 47, pi. x., figs. 8-10. 

Receptaculites australis Etheridge and Dun, 1898, pp. 62-75, pis. 
viii.-x. 

Receptaculites australis Chapman, 1905, pp. 7-12, pi. ii., figs. 2, 4-7; 
pi. iii.; pi. iv. 4 figs. 2-7. 

Receptaculites australis Shirley, 1938, pp. 461-463, pi. xL, figs. 1-4. 

A specimen referable to this species has been collected from the 
brownish shales of Hull-road, Mooroolbark. The characteristic 
rhomboidal plates of this fossil are seen in Plate V., fig. 5. The 
counterpart is reproduced in fig. 4, where the holes representing 
the pillars of the original sponge can be seen to terminate in the 
centres of the plates. Fig. 2 shows a cross-section of these 
moulds of pillars. Shirley has recorded this fossil from the 
Baton River beds of New Zealand, and regarded it as a 
“ suggestive link '* with Eastern Australia. He comments— 
“ Receptaculites australis was regarded by Etheridge and Dun as 
of Middle Devonian age, although some of their localities suggest 
a ‘ Yeringian ’ age.” I agree. Such places are Molong and 
Wellington in New South Wales. One is not aware of any 
place where R. australis has been collected from rocks of Silurian 
age. David (1914, p. 265) refers to Receptaculites as a conspicu¬ 
ous and characteristic fossil of the Devonian rocks of Burrinjuck 
and Taemas (N. S.W.). 

Phylum COELENTERATA. * 

Suborder TABU LATA. 

Genus Pleurodictyum Goldfuss, 1829. 

Pleurodictyum megastomum Dun, 1898. 

(Plate IV., figs. I, 3, 4, 6, 9.) 

Pleurodictyum f prvblematkum Foerste, 1888, pp. 132-5, pi. xii?., 
fig. 22. 

Pleurodictyum megastomum Dun, 1898, p. 83, pi. 3, fig. 1. 

Pleurodictyum mcgaslomuni Chapman, 1903, p. 105, pi. xvi„ figs. 2-5. 

Pleurodictyum megastomum Chapman, 1921, p. 216, pi. ix.. figs. 4-6. 

Pleurodictyum megastomum Allan, 1929, p. 322. 

Pleurodictyum megastomum Withers, 1932. pp. 15-21, text-figs, 1-6. 

Pleurodictvnm megastommn Shirley, 1938, pp. 463-464, pi. xl., 

figs. 5-8. 

Shirley (1938) has recorded this coral from the Lower 

Devonian of New Zealand, and has supplemented the develop¬ 
mental series described by Withers (1932). The youngest stage 
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so far described is the five-celled stage mentioned by Shirley. A 
three-celled stage from Syme’s Tunnel, Killara, is now illustrated 
(Plate IV., fig. 6), and the sizes of the c'orallites suggest the 
order of development. Three-celled stages have also been 
collected from Ruddock’s Corner and Dixon’s Creek (Military 
Map, Van Yean, 438,602). From the specimens photographed 
by Shirley, and from others in the author's collections, it appears 
that cells four and five are developed at nearly the same time, 
judging by their size. Five-celled stages have not been recorded 
previously from Victoria, but the author has found such at 
Hull-road, Mooroolbark; Ruddock’s Corner; and Wallan-road, 
north of Woodstock (Military Map reference, Yan Yean, 
057,742). The largest number of corallites in any specimen so 
far recorded is sixteen, but in Plate IV. a 19-celled stage (fig. 4), 
a 22-cell stage (fig. 9), and a 28-cell stage (figs. 1,3) are shown. 
These three specimens come from Syme’s Tunnel, Killara, from 
“ Flowerfield ” Quarry, and from north of Lilydale respectively. 
A 22-cell stage has also been collected from north of Lilydale. 
44ie examination of a large series of specimens has shown that 
the surface of the tabula is pustulose over its whole area ( contra 
Chapman, 1903, p. 106). Infiltrations from the surrounding 
rock often penetrate the cavity left by the leaching away of the 
coralline material, and obscure the pustulosity round the edges 
of the fossil. Plcurodictymn megastomum has many points 
d’appui. Specimens have been found appended to erinoid stems, 
Lindstroemia, Orthoccras, Plenrotomaria, and Spinfer (vide 
Plate IV., fig. 3). As Allan’s survey (1929) of Plcnrodictyuiu 
shows, the genus is a typically Devonian one. P. megastomum 
is in rocks of Devonian age in New Zealand which were formerly 
thought to be Silurian. I regard all the P. megastomum localities 
so far described in Victoria as belonging to the. Yeringian series, 
and to be of Devonian age. New recordings of the occurrence 
of this fossil in the type Yeringian series are Hull-road, Moorool¬ 
bark; Melbourne Hill. Lilydale; “ Flowerfield ” Quarry, Cold¬ 
stream; and west of Lilydale cemetery. Its earliest appearance 
in the type series is at Ruddock’s Quarry ( where It is plentiful), 
and it occurs through to the youngest of the shales at Plull-road, 
Mooroolbark. Jt has not been found in the calcareous strata of 
Cave Hill, nor in the plant-bearing beds at Hull-road, Lilydale. 
The beds from the Warrandyte conglomerate as far as Ruddock’s 
Quarry are apparently unfossiliferous, and therefore the absence 
of Plcurodictymn from them can he given no significance. 

Phylum BRACHIOPODA. 

Genus Schizophoria King, 1850. 

Sciiizophoria provulvaria (Maurer). 

(Plate VI., fig. I.) 

Vide Maillieux, 1936, for synonymy to that date. 

Schizophoria provulvaria Shirley, 1938, p. 465, PI. XL., figs. 10-13. 
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Outline sub-circular to transversely oval. Ventral valve slightly 
convex, and dorsal valve much more convex than ventral one. 
Ventral valve interior: teeth strong, and produced into dental 
plates which diverge at an angle of about 80 degrees. The plates 
continue as low ridges following the perimeter of the muscle 
impressions. The muscle impressions are flahellate, and about 
half the length of the shell. Their proportion of width to length 
is approximately 2: 3. Vascular markings generally radial, except 
the two main trunks passing forward from the divaricator 
impressions. As Shirley remarks, the structures become thicker 
and heavier with increasing age. No well-preserved dorsal valve 
has been collected, but those obtained show the widely-divergent 
crura and crural plates found in Schisophorta provulvaria . This 
fossil has been collected from Hull-road, Mooroolbark; Mel¬ 
bourne Hill, Lilydale; north of Lilydale; Wilson’s (near 
Lilydale) ; Ruddock’s Corner; and ? Ruddock’s Quarry. 

Schizophoria provulvaria is characteristic of the Silurian and 
Lower Coblenzian of Europe. Its occurrence ranges geo¬ 
graphically from the Lower Devonian of England (Lloyd, 1936) 
to New Zealand (Shirley, 1938), and its discovery in Victoria 
now adds another link to the chain of known occurrences. 
Similar species, S. striatula (Ruedemann and Balk, 1939) and 
S. vulvaria (Schuchert and Cooper, 1932) have been recorded 
from the Devonian of North America. Etheridge (1902) has 
recorded N. nr. striatula from Sandy’s Creek, Gippsland, Victoria. 

Genus Fascicostella Schuchert and Cooper, 1931. 

Fascicostella gervillei (Defrance). 

(Plate VI., figs. 3-5.) 

For synonymy, vide Shirley } 1938. This species, which is a 
component of the N.Z. Baton River beds, is found in the 
Yeringian type strata. The description given by Shirley (1938, 
pp. 466-467) is applicable to the Victorian specimens, which have 
the same characteristic external ornament and internal structures. 
The furrowed dental sockets can be seen in specimen -No. 1729 
(Reg. No., Univ. of Melb. Geol. Dept. Mus.). 

Shells referred by Chapman (1914a, p. 224) to Or this” 
setoniae Sowerby belong to this genus, and probably to this 
species. The specimens are in the National Museum, and come 
from Killara (“ Junction of the Woori Yallock and Yarra ”). A 
careful revision of the fauna is beginning to show that there is 
not present such a mixture of faunas of different ages as was 
formerly supposed. 

Schuchert and Cooper (1932, p. 130) regarded Fascicostella as 
an essentially European genus. It is interesting to find its 
occurrence in the Lower Devonian of both New Zealand and 
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Australia. F. gervillei is known from the following localities in 
the Yeringian type area: Ruddock’s Quarry; Ruddock’s Corner; 
Melbourne Hill. Lilydale; and Mitchell’s Paddock, Lilydale. 

Genus Anoplia Hall and Clarke, 1892; Emended Schuchert, 

19136 . 

ANOrLIA AUSTRALIS, Sp. 110V. 

(Plate IV., fig. 8.) 

Shell small, sub-semicircular, concavo-convex. Hinge-line 
straight, approximating to greatest width of shell. Ventral valve 
convex, flatter on lateral areas, which extend from the position of 
the interior lateral septa to the lateral margins of the shell. 
Cardinal extremities approximately right angles. Surface smooth. 
Spines absent. Cardinal area full width of shell, well-developed 
at beak, but tapering away towards the cardinal extremities. 
Beak strong, fairly sharp, projecting beyond the cardinal line. 
Interiorly, a long median septum traverses about three-quarters 
of length of valve, and terminates abruptly. Lateral septa or 
ridges of similar length to the median septum make an angle of 
about 45 degrees with the latter. Muscle scars not seen. Dorsal 
valve concave, with flattened lateral areas corresponding with 
those of ventral valve. Outline same as ventral valve. Surface 
smooth. Cardinal area linear. Median and lateral septa corre¬ 
sponding with those of ventral valve. Measurements of type 
specimen: Length (excluding beak) 4 mm., width 6 mm. 
Discussion: The blunt septa seen in this new species are 
characteristic of Anoplia ( Schuchert, 1913/?, pp. 339, 340). The 
lateral septa or ridges apparently enclose the muscle areas. They 
strengthen the shell, increase the area for the attachment of 
muscles, and also provide a new angle of muscle attachment. 
Except for the present author’s references in recent papers to 
“ Anoplia , sp. nov.” the genus has not been recorded from 
Australia before (Gill, 1940/?, 1941). As far as the writer is 
aware, the genus has not been recorded outside of America 
before. There are two species known ( Schuchert and Maynard, 
1913), A. hclderbcrgiae, belonging to the Lower Devonian, and 
A. nucleata . belonging to Lower and Middle Devonian formations. 
The discovery of Anoplia in Yeringian beds is a further indication 
of their Devonian age, and a further link with the American 
fauna. A. australis is not closely comparable with either of the 
American species. Variation has been noted in the new species in 
the size of the cardinal angles, and so too in the profile of the 
lateral margin. 

Occurrence: The type specimen (lodged in the University of 
Melbourne Geological Museum, reg. No. 1720) is from the 
impure limestone of Seville Quarry (Military Map. Ringwood, 
497,413). This species is common in the type Yeringian strata. 
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and the type is taken from another source because of its preser¬ 
vation of both valves in situ. Anoplia australis has been collected 
from the following localities, all of Yeringian age : Ruddock’s 
Quarry; Ruddock’s Corner; “ Devon Park ” North; Victoria-road 
cutting; Hull-road, Mooroolbark; Syme’s Tunnel, Killara; west 
of Yankee Jim Creek; Watsons Creek (Gill, 1941, p. 158); 
Howe’s Creek Quarry (Parish of Loyola, sect. 132) ; quarry on 
track south from Hume Vale-Tommy’s Hut road, Kinglake, 
about one-quarter of a mile west of Tommy’s Hut; north of 
Ruddock’s (this is a new locality, consist of a small cutting 
directly north of Ruddock’s Quarry, on the road which proceeds 
west to Wonga Park from Edward-road). 

Anoplia withersi, sp. nov. 

(Plate IV., fig. 7.) 

This species is similar to Anoplia australis except that it 
possesses in both valves five interior septa instead of three. On 
each side of the median septum there is an extra septum or 
ridge between the median septum and the lateral septa or ridges. 
These accessory ridges are much shorter than the others, and do 
not extend far enough to meet them. 

Measurements of type specimen: Length of shell (not includ¬ 
ing beak) 3*2 m.m., width of shell 3*8 mm. The type specimen 
is lodged in the Geological Museum of the University of 
Melbourne (reg. No. 1721), and was collected from Svme's 
Tunnel, Killara. 

A. •withersi is named after Mr. R. B. Withers, M.Sc., Dip.Ed., 
who has collected Anoplia in the Kinglake district, and kindly 
submitted the material to the author. 

A. withersi is widely distributed, but is not so common as 
A. australis. It has been collected from the following localities: 
Ruddock’s Quarry; north of Ruddock’s; Ruddock’s corner; west 
of Yankee Jim Creek (Upper Yarra District) ; Syme’s Tunnel, 
Killara. 

Genus Hipparionyx Vanuxem, 1842. 

Hipparionyx minor Clarke, 1909. 

(Plate V., figs. 1, 10.) 

(Plate VI., fig. 2.) 

Shirley (1938) has described this species from ;the Baton 
River beds of New Zealand, and the Victorian specimens are 
very similar. Like the Baton River specimens, those now figured 
have a finer ornament than the ones illustrated by Clarke (1909). 
Most of the specimens obtained have the same fineness of 
ornament as those described by Shirley (18 ribs in 10 mm.). 
Two others have a still further finer ornament of 22 ribs in 
10 mm. {vide Plate V., fig. 10). Examples of both kinds have 
been obtained from north of Lily dale. Apparently they are two 
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varieties of the species. Hipparionyx minor has been collected 
from north of Lilydale; Wilson’s (Cresswell Coll.) ; Melbourne 
Hill, Lilydale; Hull-road-, Lilydale; and Hull-road, Mooroolbark. 
The variety of H. minor with the finer ornament is found in the 
first and last of those localities. One shell figured (PI. V., figs. 

1, 10) belongs to this variety, and comes from Hull-road, Moorool¬ 
bark. It possesses the fine concentric ornamentation absent from 
the interspaces, which Shirley mentions (p. 472). Plate VL, fig. 

2, is an internal cast of a dorsal valve from Wilson’s, Lilydale 
(in the Cresswell Collection housed in the National Museum), 
and it possesses an ornament comparable with that of the Baton 
River forms. 

Genus Leptaena Dalman. 

Leptaena rhomboidalis (Wilckens). 

(Plate V., figs. 3 and 8.) 

Leptaena (Leptagonia) rhomboidalis McCoy, 1877. pp. 19-20, 
PI. xlvi., fig. 1. 

? Leptaena rhomboidalis Chapman, 1913, p. 102, PI. x., fig. 3. 
non pp. 103-104, PI. x., figs. 4-7. 

As the synonymy of this ubiquitous species is well known, it 
is not given here. References to descriptions of specimens in 
Victoria are alnUe provided. 

Description of dorsal valve from Hull-road, Mooroolbark: 
Shell sub-quadrilateral, the anterior margin being about parallel 
to the hingle-line. Hinge-line equal to greatest width of shell. 
Cardinal angles sub-auriculate. Cardinal area linear. Valve 
slightly concave for approximately three-quarters of its length, 
and then deflected abruptly dorsal wards. External surface marked 
by distinct concentric rugae on the flattish posterior part, but 
not on the geniculated anterior portion. Very numerous fine 
radiating striae extend the full length of the shell, crossing the 
rugae without interruption. Interior surface finely and closely 
papillose, the papillae being streamlined posteriorly into minute 
ramps which are aligned more or less with the direction of the 
external striae. Cardinal process double; extends beyond the 
hinge-line. Shallow crural bases continue as low ridges defining 
a large pair of posterior muscle scars (posterior adductors) and 
a much smaller pair (anterior adductors ) which lie immediately in 
front of the former. The anterior adductors are separated by a thin 
median septum which terminates anteriorly in a prominent knob. 
The posterior adductors are separated by a comparatively wide 
but low median septum. After traversing three-quarters of the 
length of the scars, this septum lowers rapidly into a well-marked 
depression, which further forward gives place to the thin septum 
dividing the anterior adductors. 

This shell conforms to the Helderbergian type of Leptaena 
rhomboidalis (Hall and Clarke, 1892, Plate VIII., figs. 20-27: 
Grabau and Shimer, 1909. p. 226, fig. 2 73b) with well-developed 
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internal features. It also has many points of similarity with 
specimens figured by Barrande from Bohemia (1879, Plate 41. 
figs. 25 and 30). 

In 1913, Chapman (vide synonymy) claimed to have discovered 
a denticulate hingle-line on a specimen of Leptacna rhomboidalis 
from Loyola. The specimen, reg. No. 124301, National Museum, 
probably belongs to this species, but the hinge-line is not denticu¬ 
late. Chapman also described two other fossils, reg. Nos. 12402 
and 12403, as specimens of L. rhomboidalis , showing brachial 
impressions. However, the writer does not regard these 
determinations as correct. 

Genus Stropheodonta Hall, 1852. 

Stropheodonta bipartita (Chapman). 

(Plate V., figs. 7 and 9; PI. VI., fig. 10.) 

Chonetes bipartita Chapman, 1913, pi. x., figs. 8, 9, 10. 

This brachiopod does not belong to the genus Chonetes because 
it is devoid of spines. Large numbers from many localities have 
been collected, and if spines were present, at least the bases of 
the spines would have been preserved on some of the specimens. 
However, the cardinal margins of all are quite smooth. 

Actually, the shell is a Stropheodonta , having a finely denticu¬ 
late hinge-line. This fine denticulation is clearly preserved in 
the brachial valve, which is one of the co-types of the species. 
S. bipartita is of the “ Strophomcna ” comitans Barrande type. 
This latter fossil is a widely distributed Lower Devonian species 
originally described from Bohemia. Besides occurring in Europe, 
it is known from the Lower Devonian of Burma (Reed, 1929). 
A comparable form has been recorded from Indochina (Mansuy, 
1916, Plate II., fig. 2, a and b ). It is interesting to note that 
some of the specimens of A. comitans figured by Barrande are 
bipartite (Barrande, 1879, Vol. V., Plate 56, figs. 19, 20). As 
in S. comitans , bipartita also has a denticulate hinge-line for 
approximately half the distance between the umbo and the 
cardinal extremities. Both species are fully papillose interiorly, 
and possess a comparable musculature. The two co-types and, 
the paratype which Chapman selected when describing 
“ Chonetes 3i bipartita are all internal impressions. The external 
ornament on both valves consists of about 25 ribs radiating from 
the umbo, with two to six fine intermediate riblets between each 
pair of ribs. 

S. bipartita is very widely distributed in the Yeringian series, 
and in some places is present in immense numbers (e.g.. 
Ruddock’s Quarry). The species is not known from outside the 
Yeringian beds and constitutes a good index fossil for the series. 

Genus Eospirifer Schuchert, 1913. 

Eospirifer sp. 

(Plate VI., figs. 8 ^nd 9.) 
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The two specimens figured are the only two which have been 
found. They are significant because they are clearly of the 
E. togatus (Barrande) type, which species is common in the 
Lower Devonian of New Zealand. 

Genus Cyrtinopsis Scupin, 1896. 

Cyrtinopsis perlamellosus (Hall). 

(Plate VI., figs. 6, 7.) 

Spirifer perlamcllosa Hall, 1857, p. 57, figs. 1-2. 

Spirifer perlamellosus Hall, 1859, p. 201, pi. xxvi., figs, la-ls, 2a-2g. 

Spirifer perlamellosus Hall and Clarke, 1894, pp. 15-17, pi. xxxv., 
figs. 7-13. 

non Spirifer perlamellosus var. densilineata Chapman, 1908(7, pp. 
223-224, pi. iv., figs. 1 and 2, pi. v. 

Spirifer perlamellosus Grabau and Shinier, 1909, p. 321, fig. 407. 

Cyrtinopsis perlamellosus Shirley, 1938, pp. 482-483, pi. xliv., figs. 
9-10. 

Shirley’s description is applicable to specimens of the above 
species collected from Hull-road, Mooroolbark. In Plate VI., 
fig. 7, the high cardinal area is seen in a mould which shows 
horizontal striations, those on the deltidial plates being finer than 
those on the rest of the area. Although Hall (1859) does not 
refer to it in his description, he shows in his Plate 26, fig, 2/, 
that the interior of the ventral valve is papillose in the umbonal 
region. One of our specimens shows a similar papillosity. 

Chapman (1907, p. 239) recorded from Kilsyth "Spirifer 
perlamellosus, J, Hall. var. nov. (=S. sulcaius, McCoy, non 
Hisinger).” Later (108, p. 223), he altered his determination of 
these fossils to “ Spirifer sulcaius , Hisinger sp.” He wrote, “ In 
a former paper, giving a list of Silurian (Yeringian) fossils 
from the Croydon district, I included a spirifer there referred to 
as V perlamellosus , var. nov., and bracketed it with 5\ sulcata. 
The small examples of the new variety densilineata show certain 
marked affinities with those figured by McCoy under Hisinger’s 
specific name, and at the time it seemed highly probable that 
they made a continuous series of one variable species. A further 
examination of a large number of Yeringian spirifers shows, 
however, that McCoy was right in regarding his specimens from 
Yering as identical with Hisinger’s species, the chief and fairly 
constant differences between the two forms Y perlamellosus , 
var. densilineata, and S. suleatus being the higher delthyrium the 
closer lamellation. more numerous plications, and interrupted 
striae of the latter. The Croydon examples should, therefore, 
be referred to Spirifer suleatus, Hisinger sp.” The Kilsyth 
fossils are not really comparable with the variety densilineata 
because the latter belongs to a different genus. The internal and 
external characters of the Kilsyth fossils show them to belong 
to Cyrtinopsis perlamellosus. 




Thickness and Age of the Yeringian Strata. 


43 


McCoy's fossils referred to Spirifera sulcata in the Prodromus 
(1877, p. 23) probably should be referred to Cyrtinopsis 
perlamellosus. He was inclined to regard the latter as a New 
York “ local variety ” of S. sulcata. The internal structure is 
not shown in his specimens, but the high area and deep sinus 
are very much like those of C. perlamellosus found further south 
in the same series. 

Chapman (1908<z, p. 223) described from the Whittlesea 
district what he considered to be a new variety of C. perlamel- 
losus, to which he gave the name densilineata. Actually, the 
specimens are not referable to the genus Cyrtinopsis because there 
are not “ dental lamellae converging and united with the median 
septum” (Schuchert, 1913, p. 413). This is seen clearly in 
Plate IV., fig. 2. Also, the shells are not “ concentrically marked 
by strong imbricating lamellae, which are abruptly arched in 
passing over the plications ” (Hall, 1859). This can be seen from 
Chapman's own photographs (Plate V.). More or less concentric 
rugae are often present on these shells, but not lamellae. Some 
of the rugae are the result of crushing. The majority are 
apparently due to irregularity of growth. Most of them traverse 
only a part of the shell. Moreover, the fine striations are not 
limited to lamellae as they are in C. perlamellosus, but proceed 
unbroken down the entire length of the shell (see Chapman’s 
Plate V., fig. 3), Chapman provides no description of Plate IV. 
on which are drawings of reconstructed shells. The drawings 
show even and regularly-spaced lamellae such as do not appear 
on the type specimen, or on any specimens which the author has 
examined. The deltidial plates are much bigger than shown. 
The three specimens shown in the photographs of Plate V. are 
all dorsal valves. Chapman’s form is referable to the genus 
Eospirifer Schuchert (1913. p. 411). The genus is thus defined: 
“ Quadrate and alate early Spirifers that are either smooth, 
radially undulate, or plicate, but without plications on fold and 
sinus. Surface with additional fine, filiform, radiating striae 
which may be minutely crenulate or granulose. Dental lamellae 
present.” Shirley (1938, p. 476) has slightly modified and 
extended this description. Chapman’s form may now be known 
as Eospirifer densilineata (Chapman). 

Genus Nucleospira Hall, 1859. 

Nucleospira cf. marginata Maurer. 

(Plate IV., fig. 5; PI. V., fig. 6.) 

Maurer 1886 (not viewed). 

Beushausen 1897, p. 289, pi. v., figs. 8-12. 

Shirley 1938, p. 481, pi. xliv., figs. 6-8. 

Judging by Beushausen’s figures, the Victorian specimens are 
not specifically separable from Maurer’s species. They are very 
like those described by Shirley from the Baton River beds of 
New Zealand. Ventral muscle impressions are similarly striated, 
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and the median septum commonly (but not always) thickens 
into a bulb at the anterior end. Quite often the small, oval 
adductor impressions of the ventral valve are distinctly separated 
from the divaricators. Some of the shells have growth lines on 
them like those figured by Beushausen, The same author states 
that although N. marginata is usually transverse-oval in outline, 
some of the specimens are longer than broad. These variations 
have been noticed in Victorian specimens. McCoy noted this 
same variation of outline in N. australis where the sub-circular 
profile is the commoner. The measurements of the figured 
specimens are: Plate IV., fig. 5, 5 mm. long by 6 mm. wide. 
Plate V., fig. 6, 5 mm. by 5 mm. 

N. cf. marginata has been collected from Warrandyte South 
Quarry basal conglomerate, Williamson’s-road, Doncaster, north 
of Lilydale, and Hull-road, Mooroolbark. At the last-named 
place this fossil is very abundant. Specimens from Warrandyte 
South Quarry have the same general proportions as those from 
higher horizons, but are typically smaller, and the anterior bulbous 
swelling of the median septum is absent. The ventral divaricator 
scars are striated. Other details are difficult to determine because 
of the poor preservation. 

Genus Karpinsky a Tschernyschew, 1885. 

Karpj.nskya( ?) fimbriata (Chapman). 

Atrypa fimbriata Chapman, 1913, p. 109, pi. xi., fig. 15. 

This species is not referable to the genus Atrypa because it 
possesses a dorsal median septum. Karpinsky a is a genus of 
Atrypa- like shells having a dorsal median septum. The geno- 
holotype, K. conjugula, however, is elongate, while the species 
under discussion is sub-circular in outline and possesses marginal 
spines. Chapman compared his genus with A. hystnx and 
A. spinosa. It resembles the former in the development of 
marginal spines. The species is referred with question to 
Karpinskya because, although it possesses the characteristic (vide 
Schuchert, 1913, p. 409) dorsal median septum of that genus, it 
differs in the presence of marginal spines and in its proportions. 

Karpinskya is a Lower Devonian genus, the genoholotype being 
described from beds of that age in Russia. The spinose North 
American species of Atrypa are from Middle and Upper 
Devonian strata. Barrande (1879) figures a spinose, sub-circular 
species (A. scmiorbis) from the Lower Devonian of Bohemia 
(Vol. 5, Plate 34, fig. 22). The holotype of Karpinskya 
fimbriata is from “ near Lilydale,” which is very probably the 
locality known as ” Wilson’s ” (for exact location see Gill, 1940/>)- 
In a collection of fossils at the National Museum, Melbourne, 
presented by the late Rev. A. W. Cress well, M.A., there is a 
specimen of this shell side by side with the specimen of 
Hip pari onyx minor figured on Plate VI., fig. 2. This specimen 
also comes from Wilson's, Some poorly-preserved specimens of 
K. fimbriata have been found at “ Devon Park ” West. 
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From Ruddock’s Quarry and Melbourne Hill, Lilydale, there 
have been collected atrypids with marginal spines. These are 
flat and somewhat elongated, not globose and sub-circular like 
K. fimbriata. 

Phylum PELECYPODA. 

Genus Actinopteria Hall, 1859. 

Shirley (1938) describes Actinopteria sp. from the Baton River 
(Lower Devonian) beds of New Zealand, and points out that 
Pterinoid shells are rare in the Silurian. From the type Yeringian 
beds the following Ptcrinoids have been described:— 

Actinopteria tcxturala (Phillips) : A. boydi (Conrad) : A. asperula 
var. cro yd on ens is Chapman : Lciopteria cf. oweni Plall. 

These were described by Chapman (1908b). Pterinoid shells 
are common at north of Lilydale: Wilson’s; Melbourne Hill, 
Lilydale: and Kilsyth. They constitute a characteristic element 
of the Yeringian fauna. 

Genus Cypricardinia Plall, 1859. 

This genus is common in the higher horizons of the type 
Yeringian series. Chapman (1908fr) has described Cypricardinia 
contexta Barrande from three localities in the Lilydale district. 
Shirley has recorded the genus from the Lower Devonian of 
New Zealand. Barrandes species referred to above occurs in the 
Lower Devonian of Bohemia. 

Phylum TR1LOBITA. 

Genus Calymene Brongniart, 1822. 

Sub-genus Gravicalymene Shirley, 1936. 

Calymene anyustior Chapman. 1915, pp. 164-6, pi. xv., figs. 8-10. 

Calymene ( Gravicalymene ) ? anyustior Shirley, 1938, p. 487, pi. 
xliv., fig. 17. 

Shirley’s sub-genus covers a clearly demarcated group which 
apparently represents a definite line of evolutionary development. 
It is therefore deserving of generic rank. 6 ravicalyrnefie 
angustior has been collected in the type area from Ruddock’s 
Quarry, Ruddock’s Corner, north of Ruddock’s, and Mitchell’s 
Paddock, Lilydale. It is a conspicuous part of the trilobite 
assemblage. Shirley has described this species from the Lower 
Devonian beds at Baton River in New Zealand. He suggests 
(p. 487) that G. australis is conspecific with G. angustior , A 
similar form, G. cootamundrensis, has recently been described 
from N.S.W (Gill, 1940a). Mansuy’s Calymene maloungkacnsis 
from Indochina belongs to this genus, and has affinities with the 
Australian species (Mansuv, 1916, Plate IV., figs. 4 a-q), 

Genus G-oldius De Koninck, 1841. 

Shirley (1938) records this genus from New Zealand, remark¬ 
ing that it has not been recorded from the austral Lower 
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Devonian, and so provides further evidence of the biological 
separation of that province. This separation is a very marked 
one, and forced itself on the attention of the present writer when 
investigation of the Lilydale fauna was first undertaken. 

The palaeontological data set out in the preceding pages reveal 
a definite connexion between the Baton River (Lower Devonian) 
beds of New Zealand and the type beds of the Yeringian Series, 
This evidence is summarized in the following list of fossils 
common to both deposits: 

Receptaculites australis Salter: I’lcurodictyum mcijastomum Dun: 
Schisopkoria provulvafia (Maurer' : Fasctcostella gervillci 
(Defranee) : Hipparionyx minor Clarke: Nuclcospira cf. 
marginata Maurer: Cyrtinapsis pcrlamdlosus (Hall): Calymcne 
(Gravicalymen e ) augusttor (Chapman ). 

Further evidence of Devonian age is provided by the presence 
of 

Anoplia spp.: Karpinskya (?) sp.: Eospirifcr of the E. togatus 
(Barrande) type: Stropheodonta of the 6. comitans (Barrande) 
type. 

The foregoing data demonstrate the Devonian age of the Lilydale 
shales and sandstones, and they show that in part at least they 
can be correlated with the Baton River beds of New Zealand. 

Shirley (1938/ p. 490) commented on the presence of 
Hipparionyx and Cyrtinopsis as forming a strong link with the 
North American deposits, since these genera do not occur in the 
European Lower Devonian. The presence of Anoplia in the 
Yeringian beds strengthens that correlation, for that genus is 
known only from America and Australia. 

The finding of a Devonian age for the Lilydale shales and 
sandstones is supported by work on the limestone facies by Dr. 
Ripper (Stromatoporoids) and Dr. Hill (Corals). Originally, it 
was thought that all the limestone deposits of the Yeringian 
Series in various parts of Victoria belong to the same horizon. 
Murray (188/, p. 45) staled that the “ various limestone patches ” 
are “ clearly identical with one another in geological position 
Dun (1889, p. 70) wrote of the Loyola limestone, ‘‘ It is probably 
of the same age as the Lilydale limestone/’ Chapman (1914a, 
p. 211) thought the Seville limestone to he equivalent in age to 
the Lilydale lenticle. However, Ripper and Hill have shown that 
the Loyola limestone is somewhat older than that at Lilydale. 
The Seville limestone is probably also older than the Cave Hill 
deposit. The limestones of the Walhalla synclinorium occur as 
lentides in the basal grits (Whitelaw, 1916, p, 8), and should 
probably be correlated not with the Cave Hill limestone but with 
the decalcified limestone of the basal conglomerate seen in the 
Warrandyte South Quarry. This finds some support from the 
statement of Jones and Hill (1940, pp. 200, 203, 206, 208) that 
the limestone at Cooper’s Creek (tributary of the Thomson River, 
Gippsland) is Silurian or perhaps Devonian. 
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Summary and Conclusions. 

1. The Warrandyte South Quarry fossiliferous conglomerate 
is suggested as a base for the type Yeringian Series. 

2. The thickness of the strata as measured from the con¬ 
glomerate is estimated as being somewhat less than 17,000 feet. 
Lack of outcrops in some areas prevents a precise calculation. 
The general form of the structure is synch norial. The eastern 
side of the synclinorium is largely screened by the Upper 
Devonian igneous rocks of the Dandenong Mountains complex. 

3. The age of the shales and sandstones is shown to he 
Devonian. In part at least, these beds can be correlated with the 
Baton River (Lower Devonian) beds of New Zealand described 
by Shirley. The fauna reveals definite affinities with the European 
and North American Lower Devonian faunas. Three genera 
found in the North American but not European Lower Devonian 
are present in the Lilydale beds, viz. Hipparionyx, Cyrtinopsis, 
and Anopha. There is little connexion with the austral Lower 
Devonian faunas of South America and South Africa. The wide 
admixture of Wenlock to Devonian elements earlier claimed for 
the Yeringian fauna is found to be untenable upon the re-study 
of the fauna. 
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Description of Plates. 


Plate IV. 


Figs. 1 and 3 .—Pleurodictyum meyastomum Dun from North of Lilydale—-counterparts. 

Fig. 1, mould of corallitcs, (1711.) Fig. 3, epitheca on Spirifer. (1712.) 
X 2.5. 

Fig. 2 .—Eospirifer dcnsilineata (Chapman) from Cemetery Hill Road, W hittlesea, 
showing diverging dental lamellae. (1715.) X LI. 

Fig. 4 .—Pleurodictyum meyastomum Dun. Mould of corallites from Syme s Tunnel, 
Killara/ (1713.) X 1.5. 

Fig. 5 .—Nucleospira of. marginata Maurer. Internal cast of ventral valve from Hull 
Road, Mooroolbaik, showing striated divaricator scars, small oval adductor 
scars, growth lines, aud expanded anterior cud of median septum. (1720.) 


X 4 approx. ? 

Fig. 6 .—Pleurodictyum meyastomum Dun. Three-celled form from Syme s 1 unnel. 
Killara. (1714.) X 2. 

Fig. 7 .—Anoplia withersi, sp. uov., from Syme’s Tunnel, Killara. Holotype. Internal 
cast, ventral valve. (1721.) X 4, 

Fig. 8.—Anoplia australis, sp. nov.. from quarry in impure limestone, Warburton 
highway, Seville. Holotype. Internal casts of dorsal and ventral valves. 
(1720.) X 4 approx. 

Fig. 9 .—Pleurodictyum meyastomum Dun. “ Flowerfield ” Quarry. [ 14103.J 


X 2 approx. 
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Plate V. 

Figs. 1 and 10 .—Hipparionyx minor Clarke. Counterparts of ventral valve, from 
Hull Road, Mooroolbark. Fig. 1, internal cast. (1731.) Fig. 10, external 
mould. (1732.) X 2. 

Figs. 2, 4, 5.— fteceptaculites, australis Salter, from Hull Road. Mooroolbark. Fig. 2, 
cross-section of moulds of pillars. (1716.) Figs. 4 and 5, counterparts 
showing rhomboidal plates, (1716, 1717.) Fig. 4 shows how the pillars 

terminate in the centres of these plates. (1716.) X 2. 

Figs. 3 and 8 .—Leptacna rhomboidalis (Wilckens) counterparts, trom Hull Road, 
Mooroolbark. (1718, 1719.) X 2 approx. 

Fig. 6 .—NucleospWa cf. marginata Maurer, from Hull Road, Mooroolbark. (1727.) 
X 4 approx. 

Figs. 7 and 9 .—Sttopheodonta bipartita (Chapman) counterparts, showing internal 
casts (1725) and external moulds (1724) respectively. Note denticulate 
hingeline, Specimens from Yellingbo. X 3 approx. 


Plate VI. 

Fig. 1.— Schisophom provulvaria (Maurer). Internal east of ventral valve, from 
Hull Road, Mooroolbark. (1733.) X 2. 

Fig. 2.— Hipparionyx minor Clarke. Internal cast of dorsal valve, from Wilson’s, 
Lilydale. f 14104.1 X 1 approx. 

Figs. 3, 4, 5.— Fascicostella gervillei (Def ranee), trom Melbourne Hill, Lilydale. Figs. 

3 (1728) and 4 (1729), ventral internal casts. Fig. 5, internal cast of 
dorsal valve. (1730.) X 2. 

Figs. 6 and 7.— Cyrtinopsis perlamellosus (Hall), from Hull Road. Mooroolbark. 

Fig. 6, external mould, dorsal valve, (1722.) Fig. 7, internal cast of 
ventral valve with the right half broken away showing the striate cardinal 
area, and the dental lamellae converging to unite with the median septum. 
(1723.) X 2. 

Fig. 8.— Eospirifer sp., from “Lilydale Mudstone” (Cresswell Coll,). [14105.] 
X 1 appfox. 

Fig. 9. — Eospirifer sp., from Ruddock's Quarry. [14106.] X 1 approx. 
jr, c jo.— Stropheodonta bipartita (Chapman). Enlargement of PI. V.. fig. 9, to show 
detail of ornament and denticulate hingeline. (1724.) X 7 approx. 

N OTE .—j n a l] descriptions of plates, the numbers in rounded brackets are registered 
numbers of the University of Melbourne Geology Department Museum. Those in 
square brackets are registered numbers of the National Museum, Melbourne. 
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Art. IV. — The San Remo Peninsula. 

By A. B. EDWARDS, Ph.D., D.I.C. 

[Read 12th June, 1941 ; issued separately 15th April, 1942.] 
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Introduction. 

The San Remo Peninsula is that arm of the land, about six 
miles long and from one to one and a half miles wide, that 
extends westwards from the south-eastern corner of Western 
Port Bay (Text Map). It is composed of Jurassic sediments, 
capped by Tertiary gravels an 1 basalts (Stirling, 1893), and 
consists of a tilted liorst, which is the westerly extension of the 
Bass Ranges, one of the major fault blocks of the South Gippsland 
Highlands. On the north side it is bounded by the Bass Fault, 
while on its southern side it was originally bounded by the 
Kongwak Fault (Hills. 1940, fig. 347). The throw of these 
faults died away towards the west. This is shown by the 
decreasing height of the Bass Range horst in this direction, from 
well over 1,000 feet above sea-level at Strezlecki to about 900 feet 
at Krowera, and Bass Hill, 600 feet at Steenholdt’s Hill, 400 feet 
near Kilcunda, and to about 200 feet at San Remo. 

The horst is tilted to the north at an angle of about 5° 
throughout the Peninsula. This is proved by the disposition of 
the Tertiary basalts, which occur only on the northern side of 
the Peninsula, sloping down from about 200 feet above sea-level 
on the hill tops to below sea-level on the northern coast, as a 
capping on the Jurassic sediments. At the eastern end of the 
Peninsula, near the Anderson Railway Station, cuttings along the 
Melbourne-Wonthaggi road where it climbs the Bass Scarp show 
that the basalt occurs only on the lower slopes of the Scarp, 
overlying a tilted Jurassic surface. This tilt must have caused 
the drainage to develop chiefly as north-flowing, back-slope 
streams, with much shorter streams flowing southwards over the 
steep southern scarp. The south-flowing streams, with their 
steeper gradients, have cut down rapidly into the Jurassic 
sediments exposed in the scarp, and by headward erosion have 
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Text Map: Geological Sketch Map ot the San Remo Peninsula. 
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undermined and stripped off the basalt from the .southern side 
of the block, where its former presence is revealed only by dykes 
As the scarp matured, the greater vigour of the south-flowing 
streams caused the divide to migrate northwards to its present 
position close to the northern margin of the horst. Ferguson 
(1909) notes that the tilt persists throughout the Bass Range 
(Quarter Sheet 67 N.E.), where many of the individual hills 
show a gentle dip slope to the north and a steep scarp to the south, 
and that it steepens towards the northern edge of the range, 
suggesting that in this region a monoclinal structure is associated 
with the Bass Fault. The author has noted almost vertical beds 
adjacent to the scarp near Nyora; and a comparable steepening 
of the northerly dip occurs along the northern coast of the 
Peninsula. 

The surface of the granitic stock that forms the south-eastern 
end of Phillip Island also slopes to the north at an angle of 5° 
(Plate VIP, fig. 3). and like the San Remo horst the granite is 
flanked by Tertiary basalts on the north, and ends in steep cliffs 
200 to 300 feet high on the south side. This tilted surface must 
represent an old land surface, since the forces now acting on the 
granite are not sufficient to erode such a slope. If the line of the 
Kongwak Fault is continued westwards from Kilcunda, it passes 
just to the south of the cliffs of Cape Woolamai. It is probable, 
therefore, that, although the Woolamai granite stock and the 
basalts to the north of it are now separated from the San Remo 
Peninsula by a narrow channel about three-quarters of a mile wide 
(The Eastern Passage), they were once part of the San Remo 
horst. Under the influence of marine erosion the resistant 
granite has maintained more or less its original scarp, but the 
more readily eroded Jurassic strata have been cut back. At the 
western end of the Peninsula (Griffith’s Point) this retreat has 
been of the order of two miles. At the eastern end (Kilcunda) 
on the other hand, progradation of the shore has removed the 
easterly part of the Kongwak scarp from marine erosion. As a 
result, the southern coast of the Peninsula has slowly retreated 
hinge-fashion, the pivot being at Kilcunda. . I his has been 
furthered by the decreasing height of the original scarp from 
east to west. The granite stock was left as an island, and has 
since been joined to Phillip Island by a sandy tie-bar ( Hills, 1940, 
fig. 304). 

The Eastern Passage developed by the drowning of the valley 
of a south-flowing stream. The submarine^contours of Western 
Port Bay, as showu on Admiralty Chart 170/, Folio 98 (1917), 
indicate that this stream was separated from the main drowned 
river system that constitutes \\ estern Port Bay by a low interfluve, 
extending more or less from San Remo to Newhaven. Ihe 
exposure of basalt on the short platforms west of Griffiths Point 
at low tide, and in the short platforms on the Phillip Island side 
of the Eastern Passage, indicates that the stream flowed over a 
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basalt-filled valley, so that there was a valley between Griffith’s 
Point and Cape Woolamai long prior to the incidence of marine 
erosion. This must have speeded the marine erosion of the 
southern coast at its western end by concentrating wave attack 
at this point. A tributary to this valley, also basalt-filled, is 
exposed in section in the cliffs along the western coast of the 
Peninsula. 

The tide stream through the Eastern Passage flows close to the 
eastern shore at The Narrows, between Newhaven and San Remo, 
and then swings in a wide curve over towards the Phillip Island 
shore. This has developed a shallow backwater on the Peninsula 
side of the Passage, where an extensive sandbank has been 
built parallel to the course of the channel. Cape Woolamai 
protects this sandbank from heavy seas from the south and 
south-west, while Griffith’s Point shelters it on the south-east. 

The Contrasted Coastlines. 

The coastlines of the Peninsula show a striking difference in 
the stage of maturity to which they have attained. The northern 
coastline is more or le.ss mature, while the southern one is still in 
its youthful stage. The major variable responsible for this 
difference is the different strength of wave attack to which the 
two coasts are exposed. The southern coast is subject to severe 
attack by the heavy seas that frequent Bass Strait, whereas marine 
erosion of the northern coast results from the much smaller 
waves of Western Port Bay, with its limited fetch of six to eight 
miles, and its shallow waters. 

Both coastlines appear to be typical fault coastlines, but are 
actually compound coastlines, resulting from the submergence 
of a previously block-faulted region (Hills, 1940, p. 223). The 
faults are younger than the Older Volcanic basalts (Oligocene?), 
but pre-date the formation of the Bass River and Powlett River 
Plains. In other parts of South Gippsland the fault system of 
which these faults are members had affected Oligocene basalts, the 
Brown Coal series, and sands and gravels regarded as Pliocene 
(Herman, 1925). At Hedley, the Brown Coal, which has been 
downthrown by the Gelliondale Fault, is directly overlain by 
marine Pliocene beds (Edwards, 1939). Presumably, therefore, 
the faulting is of Pliocene age. which agrees with the mature 
character of the fault scarps, while the submergence of the down- 
faulted blocks took place either in the Pliocene or in the 
Pleistocene. 

The Coastlines in Plan. 

Both coastlines appear in plan as more or less straight lines, but, 
whereas the northern coastline shows only broad, shallow 
embayments, the southern coastline is markedly crenulate. The 
disposition of headlands and embayments along the southern 
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coastline is largely dependent on fold structures in the Jurassic 
sediments. The headlands tend to develop where anticlines or 
domes bring beds of massive sandstone above sea-level, while 
the embayments occur where synclines or basins carry these beds 
down, and bring the softer overlying beds down to sea-level. The 
valleys of the Peninsula tend to develop chiefly in the softer rocks, 
so that near the coastline the streams occur in the synclines, and 
enter the sea at the heads of the embayments. As a result, along 
the southern coastline, high cliffs occur along the anticlinal 
stretches of the coast, with lower cliffs at the synclines. This 
further favours the development of embayments in the synclines, 
since the amount of material to be eroded by wave attack is 
proportional to the height of the cliffs. 

The Coastlines in Profile. 

Northern Coastline .—The northern coastline is fronted by a 
gently sloping shore platform with a gradient of about 1 in 650, 
the 1-fathom submarine contour being at an average distance of 
three-quarters of a mile from the shore (Text Map). It is 
developed partly in Jurassic strata, partly in basalts, and has a 
sloping wave-cut bench ranging in width from 50 to 100 yards 
(Plate VIII., figs. 8, 10). Much of this is thickly strewn with 
pebbles of basalt, or, where the bench is cut in Jurassic, of basalt 
mingled with grit and sandstone. The pebbles are distinctly 
smaller at the western end of the bench, where it is under the 
lee of Phillip Island. Where it is exposed to the widest fetch 
across Western Part Bay, from the north-west, it tends to be 
swept clean of pebbles, and the edges of the Jurassic strata are 
exposed. They show undulations in strike, and in places dip to 
the north at angles as great as 70 degrees. This section of 
the bench is margined on the seaward side by a “ reef ” 
of steeply dipping basalt, formed where the basalt capping 
outcrops at sea-level. Further east the basalt outcrops in the 
bench itself, partially covering a narrow ridge of Jurassic 
sediments, which are exposed along the axis of the ridge. 

The beach behind the wave-cut bench is generally only a few 
feet wide, and along the greater part of the- Jurassic outcrops 
quartz sand is replaced by a fine ironstone gravel. Behind the 
beach rise cliffs which range from a nip of 1 to 2 feet high (Plate 
VIII., fig. 9) to sloping cliffs 40 feet high (Plate VIII., fig. 7), and 
in one place, vertical cliffs 40 feet high (Plate VIII., fig. 10). 
The more strongly developed cliffs occur along the basalt sections 
of the coast, where they maintain a uniform height. Two factors 
cause this. Inland, the basalt forms a flat surface sloping gently 
towards the sea, so that as the cliffs are pushed back they tend to 
increase in height. The resistant nature of the basalt causes 
streams and gullies to develop in the marginal Jurassic sediments 
rather than in the basalt. Secondly, the basalt in the cliff face 
is almost completely weathered to clay. As a result, even such 
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small waves as occur in Western Port can undercut the base, 
of the cliffs and cause landslides, which keep the slopes steep. 
The face of the cliffs is honeycombed with rabbit holes, and 
edged with talus cones of clay, and a clay beach about three feet 
wide, showing mud cracks. The vertical cliffs form a stretch 
about 50 yards long towards the eastern end of the coastline, 
where the weather basalt shows pronounced columnar and 
horizontal jointing. They also face the longest fetch across 
Western Port, and are fronted by a wave-cut bench 100 yards 
wide, free of boulders, and cut in decomposed basalt. 

The Jurassic sediments have been eroded into more undulating 
forms by subaerial agencies, and form cliffs of variable height 
with grassy and tree-covered slopes (Plate VIII., fig. 7). Like 
the basalts, they are subject to landslides, even some distance back 
from the beach head. Stretches of these Jurassic cliffs are no 
longer reached by the sea. 

Southern Coastline .—On the southern coastline the shore 
platform slopes much more steeply, at about 1 in 45. The 
5-fathom submarine contour occurs at less than a quarter of a 
mile from the cliff line, while the 10-fathom contour is reached 
at about half a mile. The wave-cut bench slopes even more 
steeply in the embayments, and on the headlands is replaced by 
storm-wave platforms (Plate VIP, hgs. 1, 2, 4). These 
storm-wave platforms range in width up to 200 feet, the width 
decreasing with increase of cliff height (Edwards, 1941). They 
are widest on the fronts of headlands, and diminish in width 
as they are followed into the embayments. The cliffs are 
commonly more than 100 feet sheer in height, and in places 
exceed 200 feet ( Plate VIL, figs. 1,2). Where the slope of the cliff 
top is landwards it tends to be a dip slope. Parallel major joints, 
striking at angles up to 20 degrees from north, traverse the rocks 
in the platforms and cliff faces. The sea has cut channels along 
these joints, dividing the storm-wave platforms into isolated 
blocks, and the sides of the headlands tend to collapse, along such 
joint planes, so that they become more or less parallel to the 
channels in the platforms. Where the rocks overlying the 
platforms consist of softer shales, erosion along the joint planes 
tends to develop caves, and in one or two places small natural 
arches have formed, where the backs of such caves have been 
breached. The major existing caves occur east of the Punch 
Bowl (Text Map), and the larger of them has been breached 
near its back. The Punch Bowl is the remains of a still larger 
cave, whose roof has collapsed, leaving a circular, crater-like 
depression about 100 feet deep, with a flat floor composed of 
debris from the fallen roof. 

Rock stacks are noticeably absent, except for a few miniature 
stacks. This is a feature which is common to most parts of the 
Victorian coastline that are formed in Jurassic sediments. 
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Storm ledges occur at a number of points, at varying heights 
above the storm-wave platforms, where hard bands of rock 
overlain by softer bands are exposed to occasional wave attack. 
] loneycomb weathering is pronounced on the storm-wave 
platforms and at the cliff bases. Higher up the cliffs, where the 
rocks have been weathered and limonite has been deposited in 
the joint planes, the infilled joints sometimes stand in relief as 
intricate three-dimensional patterns. At Griffith’s Point, a com¬ 
bination of strongly developed current bedding and closely spaced 
jointing in massive sandstone has given rise to a peculiar fluting 
of the cliff-face where it is exposed to wave attack (Plate VII., 
fig. 6). 

The recession of the cliffs is taking place more rapidly than 
the streams can erode their beds, but since they usually enter the 
sea at the heads of embayments, over strata of unequal hardness, 
they tend to descend in a series of cascades rather than form 
hanging valleys in the cliff-faces. Back from the cliffs rejuvena¬ 
tion of the streams by marine erosion has led them to cut deep 
gullies. At one point the development of an embayment has 
beheaded a small stream ( Plate VII,, fig. 4 ), leaving a dry valley 
on the headland. The stream now enters the sea by cascades in 
the newly-formed embay ment. 

Sand dunes have accumulated in embayments at one or two 
places along the coast, but their greatest development is at Sandy 
Water Holes, where they are still accumulating in the break in 
the cliff-line (Plate VII., fig. 1). Here they are 50 feet high, 
and enclose a small marshy lagoon, which is fed by four small 
streams, ponded behind the dunes. 

Western Coastline .—The short length of coast facing the 
Eastern 'Passage is more comparable with the northern coast than 
the southern. At the northern (San Remo) end it consists of a 
broad beach fronted by sand dunes about 20 feet high. The 
land surface rises gradually to the south, and this is reflected in 
the appearance of a line of cliffs, which continues with only one 
break to Griffith’s Point. Where the cliffs begin they are cut in 
completely decomposed basalt, and are protected from further 
marine erosion by broad flat sandy beach, which is several feet 
above high-water mark. Southwards this protecting beach 
narrows and disappears, and the cliffs are subject to wave attack. 
Basalt continues to form the cliffs for a short distance. At sea- 
lcvel the basalt is fresh, but in the cliff face it is extremely 
decomposed, and shows excellent concentric weathering. The 
sloping junction of the basalt with the Jurassic to the south, 
revealed in the cliff section, shows that the basalt infilled a valley 
in the Jurassic. Close to this junction there is a break in the 
cliff line, due to a small stream (lateral to the basalt) entering the 
sea at this point. The cliffs then rise to about 20 feet in height, 
and slowly increase in height towards Griffith’s Point. At the 
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same time, the wave-cut bench widens. As on the northern and 
southern coasts, the strata are exposed on edge in the wave-cut 
bench, and show an undulating strike. They dip west at 15—25 
degrees (i.e., seawards), and the harder beds, chiefly grits, project 
above the general level of the beach. The cliffs at the southern 
end are fronted by sand and heavy talus deposits, while at the 
northern end a broad sandbank or spit, which is exposed at low 
tide, extends south-westwards for about a mile, parallel to the 
tidal channel. 


Geology. 

The geology of the peninsula was first described by Walthen 
(1848), who noted the continuous outcrop of “ Carboniferous ” 
sediments from Griffith’s Point to the mouth of Bourne Creek, 
and their association with trap rocks (basalt), but was unable 
to establish their relationship to one another. Se’.wyn (1854) 
recognized the “ Mesozoic or secondary Carboniferous ” age of 
the rocks, and drew a section from Griffith’s Point to the mouth 
of the Powlett River, showing undulating dips of up to 20 degrees 
in the ,l Carboniferous ’’ beds. He also noted the presence of 
basalts overlying the Jurassic strata, and of dykes intrusive into 
them. The name “ Carboniferous * 9 was applied to the beds 
because of the general resemblance of the fossil flora obtained 
from them to the flora of the Sydney coal basin as then known, 
and the presence in them of thin coal seams. Further references 
to the district appear in Selwyn’s reports for 1855-56 and 1868. 
A more detailed report, accompanied by maps and sections, and 
with a description of the lithology of the Jurassic sediments at 
Griffith’s Point, was made by Krause (1872), on behalf of the 
Coal Commission. Quarter Sheet 67 S.W., showing that the 
peninsula consists largely of Jurassic strata, overlain on the north 
side by Tertiary gravels and by basalts of the Older Volcanic 
Series, was prepared by Stirling in 1892. This Quarter Sheet has 
been used as the basis of the Text Map. In his accompanying 
report, Stirling (1893) gives details of the exploration for coal 
near Kilcunda, and a description of the Jurassic rocks and their 
flora, together with a reprint of some of Krause’s data. Other 
references to the coal seams are to be found in the reports of 
Mackenzie (1873), Cowan (1875), and Murray (1884, 1887), 
while descriptions of the fossil leaf remains found on the 
peninsula are given in papers by Stirling (1900), Seward (1904), 
and Chapman (1908, 1909). 

The Jurassic Rocks. 

Structure .—Two distinct elements of structure exist in the 
Jurassic sediments of South Gippsland :—(1) a regional tilt in 
each of the major fault blocks, and (2) folding due, probably, to 
differential compaction. 
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Observations at San Remo and elsewhere in South Gippsland 
indicate that each of the major fault blocks in South Gippsland 
was tilted during the faulting of the region, so that it shows a 
prevailing dip of 5 degrees to 25 degrees in a direction more or 
less at right angles to one or other of the boundary faults. The 
effect of this tilting is apparent in the streams. Broad rapids, 
sloping with the dip, like the Tarra Falls, develop on the back- 
slope streams, while narrow rapids across the edges of strata, and 
waterfalls, like Agnes Falls, characterize the scarp streams. In 
some of the tilted blocks, the angle of tilt steepens in the vicinity 
of the boundary fault, and may become more or less vertical as 
a result of monoclinal warping along the line of fault. This has 
been noted along the Tarragon escarpment (Herman, 1925), along 
the Bass escarpment (Ferguson, 1909), and appears to be the 
case along the extension of the Bass escarpment that forms the 
northern coastline of the San Remo Peninsula, where the Jurassic 
rocks and the overlying Tertiary basalts are found dipping to the 
north at angles ranging up to 70 degrees along the shore platform, 
and in a bore put down a short distance back from the shore 
(Krause, 1872). Modifications of the regional dip have also been 
caused by lesser faulting within the fault blocks. Such faults are 
not readily detected except in mine workings and cliff sections. 
Sections through the Wonthaggi coalfield, however, show that 
numerous east-west faults, more or less parallel to the major 
faults of the region, have broken the Wonthaggi block into a 
number of small steps descending to the north, with sometimes 
a tilting of the minor blocks, and frequently a warping of the 
beds into “ semi-saucer-shaped sags (Hunter and Ower, 1914). 
These half basins face south, and the amount of sag dies away to 
east and west as the faults die out in these directions. Occasional 
exposures along the southern coast of the Peninsula show a local 
steepening of dip due to drag along a small fault. Examples can 
be seen between Kilcunda and Hoddinot’s coal shaft, and on the 
point west of the Sandy Water Holes. 

In addition, as Selwyn (1854) noted, the sediments are gently 
folded. Stirling (1897) in his report on the adjacent Quarter 
Sheet 34 S.E., referred to such folding as “ an irregular puckering 
up of the strata rather than regular corrugations formed by anti¬ 
clinal and synclinal curves.” The folds take the form of small, 
often irregularly shaped, domes and basins of shallow closure, 
with dips of 5 degrees to 20 degrees, and diameters rarely exceed¬ 
ing one mile, and generally much smaller. Such folding is 
suggested in many parts of the South Gippsland Highlands by the 
irregular and sometimes more or less radial arrangement of the 
dips about certain foci. Where sections have been cut through 
a series of these domes and basins, as along the coastlines of the 
San Remo Peninsula, and near Cape Paterson, they appear as 
alternating anticlines and synclines, sometimes apparently pitch¬ 
ing into the cliff, sometimes towards the sea. As many as nine 
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folds to the mile are developed in places along the southern coast 
of the San Remo Peninsula, while in the vicinity of Cape Paterson 
they average three to the mile. The apparent pitch may be main¬ 
tained in one direction for a considerable stretch of the coast, or 
may be reversed fairly frequently, according to the disposition of 
successive domes and basins with respect to the cliff sections. 
Frequently the pitch is in the direction of the regional tilt of the 
fault block. Thus it is generally to the north, at 10 degrees to 
15 degrees along the southern coast of the Peninsula, where the 
fault block is tilted at about 5 degrees to the north. Near Cape 
Paterson it is generally to the south at about 20 degrees. Where 
the apparent pitch is opposed to the tilt of the fault block it is 
distinctly less steep than where it combines with the tilt. Thus, 
along the San Remo Peninsula, such apparent south pitch as 
occurs is of the order of 3 degrees. 

Where exposures are not adequate, it may prove impossible to 
distinguish folds of this type from the “ semi-saucer-shaped ” sags 
that accompany the minor faulting on the Wonthaggi fault block. 
On the Peninsula, however, the edges of the beds are exposed 
both in north-south and east-west sections. Along the northern 
and southern shore platforms the beds show an apparent east- 
west strike with undulations (sinuosity) corresponding to the 
fold undulations in the cliff sections. Along the western shore 
platform facing the Eastern Passage, the beds show an apparent 
north-south strike, with comparable undulations and a variable 
westerly dip. 

This folding developed prior to the faulting and tilting of the 
region, since the Tertiary basalts infill valleys that cut through 
the folds. The irregular and minor character of the folding 
suggests that it is due to differential compaction rather than to 
earth movements. 

Jointing .—The strata are traversed by numerous major joints, 
frequently in parallel sets, They can be seen only in the cliff 
sections and on the storm-wave platforms of the southern coast, 
where they trfcrid more or less north-south, and continue through 
thicknesses of beds greater than 100 feet, without any deviation 
of the joint plane in its passage from one bed to another. 
Presumably these joints developed during the differential compac¬ 
tion of the beds. Minor joint planes are prominently developed 
in the massive sandstones, and produce more or less rectangular 
patterns on the smooth surfaces of some of the storm-wave 
platforms (Plate VII., fig. 5). 

Thickness .—The greatest thickness of Jurassic sediments 
exposed in the Peninsula is along the southern coast, and here 
the close spacing of the folds, combined with their low dips, 
limits the thickness of rocks exposed in the cliff sections to about 
300 feet. The total thickness is. considerably greater, however,.. 
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since a bore put down at sea-level near Griffith’s Point penetrated 
857 feet without passing out of Jurassic rocks (Selwyn, 1868, p. 

12). The thickness of exposed rocks increases towards the 
north-east in the Bass Ranges, and the thickness in depth probably 
grows greater also, since a bore near the Kilcunda Coal Mine was 
sunk to a depth of 1,158 feet in Jurassic sediments without passing 
out of them (Stirling, 1892). 

Lithology .—As noted by Selwyn (1834), Krause (1872), 
Stirling (1892), and Ferguson (1909), the Jurassic rocks consist 
of sandstones, shales, coal seams., and coalaceous beds, con¬ 
glomerates, and grits. 

Sandstones.—The sandstones vary somewhat in character. One 
variety, which occurs at the base of the cliffs, consists of a massive 
green rock, over 50 feet thick. It commonly shows pronounced 
current bedding, as at Griffith’s Point, and prominent vertical 
jointing in two directions more or less at right angles to the 
bedding planes, so that it breaks away in large rectangular blocks. 
Close to Griffith’s Point this stone was quarried for building 
purposes as early as 1850 (Selwyn and Ulrich, 1866), and shipped 
to Melbourne. 

Thin sections show that it is highly felspathic. The felspar is 
present largely as irregular-shaped grains of plagioclase, which is 
optically positive, with an extinction angle in the symmetrical 
zone of 10 degrees to 20 degrees, indicating that it is basic 
oligoclase or andesine. In addition, there are much less numerous 
grains of cloudy orthoefase, perthite, and microcline. Very 
occasionally the felspar is graphically intergrown with quartz. 
Quartz occurs abundantly, but only occasionally as well-rounded 
grains. Most of the quartz grains are angular, some are com¬ 
posite, and some show well-marked embayment, such as one 
observes in quartz phenocrysts in acid lava flows. Flakes of 
bleached biotite are not uncommon, and occasional grains of 
enstatite are also present. Other minerals noted are epidote, 
chlorite and zircon. In addition to the mineral grains, there are 
many rounded fragments of igneous rock, of about the same 
general size. Some of these are glassy, others are micropor- 
phyritic. They are of a uniform type, however, consisting of a 
fine to glassy ground mass studded with numerous microlites of 
plagioclase with almost straight extinction. The microlites 
frequently show flow alignment. The rock is presumably a glassy 
andesite, or an oligoclase basalt. 

The uniform size of the grains points to sorting during deposi¬ 
tion, but their irregular shapes indicate that they did not undergo 
prolonged water erosion prior to deposition. They are now 
commonly cemented together by narrow rims of zeolitic material 
which occasionally forms spherulitic growths. The materials 
composing the sandstone are definitely of igneous origin, and in 
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part are derived from lava flows. Some of the material is almost 
certainly derived from the nearby Woolamai granite, because 
higher up in the sequence thin beds of similar sandstone, up to 
1 foot in thickness, are intercalated with beds of coarse grit up 
to several feet thick, in which the component minerals are chiefly 
coarse allotriomorphic, and often composite, grains of quartz 
and orthoclase, which can only have cc me from the Woolamai 
granite. 

The uniform sizing of the grains, combined with their non- 
waterworn character, suggests that thev may have been deposited 
as volcanic tuff. 

Frequently these massive sandstones carry oval or spherical 
masses, up to 2 feet in diameter, of sandstone of apparent’y 
identical composition, and only slightly harder consistency. These 
“ cannon balls ” weather out on the surface and give the sand¬ 
stone a knobby appearance. They are characteristic of the massive 
green sandstones wherever they occur throughout the Jurassic 
areas. They occur within the beds and not along the bedding 
planes, so that they appear to be syngenetic concretions, although 
they show no concentric structures when broken open. Elsewhere 
the sandstones carry boulders of foreign origin. These consist 
of granite, aplite, reef quartz, hornfels, sandstone, grey and black 
shales, and junks of calcified wood. Ferguson (1909) records 
the occurrence of two boulders of granite three feet in diameter 
in sandstone near Kilcunda, and suggests that they are glacial 
erratics, and Hunter and Ower (1914) record a pebble of an acid 
dyke rock from the roof of No. 5 workings in the State Coal 
Mine, Wonthaggi. The sedimentary boulders, in part at least, are 
derived from Upper Ordovician strata, since Hall (1904) found 
Upper Ordovician graptolites in some of the black shale or slate 
pebbles. The granite pebbles can be matched with the Cape 
Woolamai granite. The boulders are never sufficiently numerous, 
however, for the rocks to be termed conglomerate, and tend to 
become fewer in number east of Griffith’s Point. 

Lesser thicknesses of grey, friable sandstone occur at higher 
levels in the cliff sections. These sometimes show numerous 
bedding planes less than an inch apart, sometimes with coaly 
matter forming a film along the bedding planes. Sometimes they 
are very closely jointed. Mineralogically, they are similar to the 
massive sandstones. 

Conglomerates.—These outcrop as beds, rarely more than two 
or three feet thick, intercalated with grits and sandstones on the 
shore platform west of Griffith’s Point, where they are exposed 
at low tide. Stirling (1892) mapped about five such beds in a 
distance of a quarter of a mile. The boulders in the con¬ 
glomerates are well rounded, and up to nine inches in diameter, 
though generally smaller. They consist of Woolamai granite, 
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aplite, reef quartz, hornfels, and other metamorphosed sediments, 
shale and black slates. They grade laterally into grits and 
felspathic sandstones with scattered boulders of similar character. 

Some of the beds consist largely of small flat pebbles of soft 
grey shale in a sandy matrix; and beds of this sort occur 
sporadically as far east as Kilcunda and Cape Paterson. 

Both Stirling (1892) and Ferguson (1909) considered that 
these conglomerates “ comprise the basal members of the south¬ 
west margin of the Gippsland carbonaceous deposits/ 5 but as 
Hunter and Ower (1914) have pointed out, this can scarcely be 
so, because these conglomerate beds overlie the massive sandstones 
at Griffith’s Point, where a bore penetrated 850 feet further down 
in Jurassic strata. With the grits, however, they undoubtedly 
mark a marginal facies in the Jurassic since both are derived from 
the Woolamai granite and the rocks of its contact aureole, and 
die away eastwards as the distance from the granite stock becomes 
greater. At the time of their deposition the Woolamai granite 
and the adjacent Palaeozoic sediments must have formed either 
an island or a shoreline of the Jurassic lake. 

Grits.—Coarse to fine grits are prominently developed along 
the shore platform facing the Eastern Passage, from Griffith’s 
Point as far as the basalt contact; and they recur from under the 
basalt in the most westerly outcrop of Jurassic rocks along the 
northern coast. The bulk of the coarse material consists of 
irregular grains of quartz 2 to 5 m.m. across, and fragments of 
large orthoclase crystals of similar size. In addition, small flat 
pebbles of shale and sandstone, and fragments of more or less 
calcified wood are common. The beds range up to ten feet in 
thickness, but are lens-like, and rapidly grade into sandstones. 
They frequently alternate with beds of sandstone a foot or less 
thick, when the bases of the successive grit beds are marked by 
a film of carbonaceous matter, and sporadic junks of coalified or 
calcified wood. 

Shales.—Shales occur as thin black and grey bands, sometimes 
associated with thin coal seams, chiefly along the eastern half of 
the south coast. The individual beds are often only one quarter 
of an inch thick, but the aggregate thickness may be five to ten 
feet. The shales are often overlain by beds of friable blue-grey 
sandstone which is characterized by close and slightly irregular 
rectangular jointing. These two types of rock alternate with 
bands of harder green sandstone in the cliff faces. 

Coal Seams.—Coaly matter occurs as “ cakes/' films, and dis¬ 
continuous beds an inch or more thick, accompanied by woody 
fragments, along the western end of the southern coast. The 
coaly seams generally occur associated with shaly conglomerates, 
just above the massive green sandstones, and at the base of grit 
beds overlying such sandstones. Such coal beds cannot be 
13044/41.—5 
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traced for more than 20 to 30 yards in section. Further east¬ 
wards true coal seams are found outcropping, and just west of 
Sandy Water Holes six such seams occur in the cliff face in a 
thickness of 50 feet. The thickest seam is two feet thick, and 
has been encountered in a shaft 100 feet back from the cliff top. A 
further coal seam outcrops in the cliff face and the bed of the 
creek just east of Black Head. This seam was 3 ft. 6 in. wide 
where, it outcropped in the creek bed, but when followed inland 
developed a parting of clay 1 foot thick. It was cut at a depth 
of 33 feet from the surface in a shaft sunk 100 feet north-west 
of the outcrop. This seam has been opened up, and is being 
worked at present on a small scale. Two more seams of workable 
thickness, 2 ft. 3 in. to 2 ft. 6 in., dipping at 8 degrees N.F. 
occur to the north-west of the Kilcunda Railway Station, and are 
being mined. The coal is finely banded, and is a fair quality 
bituminous variety. No other coal seams of commercial value 
have been found on the Peninsula, although a certain amount of 
boring has been done near San Remo and Griffith’s Point. The 
thickest seams encountered in these bores did not exceed twelve 
inches. 

Conditions of Deposition .—The nature of the sediments, and 
the prominent current bedding in the sandstones, make it clear 
that deposition ^took place in relatively shallow water, subject to 
storms, or to heavy rains. The fact that such sediments are 
found more than 850 feet above the base of the Jurassic points 
to steady subsidence within the area during deposition. This 
thickness of sediments below present sea-level, and the height to 
which the Woolamai granite projects above present sea-level, 
point to the existence close by of a steeply sloping shoreline; and 
the occurrence of seams and films of coalifted matter at the base 
of the grit beds suggests that both the vegetal matter and the 
material forming the grits was swept down from these steep slopes 
during periods of heavy rainfall. 

The mixture of volcanic matter with granite-derived matter in 
the sandstones suggests that tuffaceous material was constantly 
falling into the shallow lake throughout the period of deposition 
of the Jurassic sediments. 

Tertiary Basalts and Dykes. 

Basalts of the Older Volcanic Series cover much of the 
northern part of the Peninsula (Fig. 1) and outcrop at intervals 
to the north at Stony Point, Cobb’s Bluff, Corinella and Queens- 
ferry. At Corinella and Queeusferry they are overlain by “ Red 
Beds.” 

Several types of olivine-basalt are present. They include 
titanaugite-basalts of the Moorooduc type, glassy basalts of the 
Keilor type, and olivine-basalts of the Flinders type (Edwards, 
1939). 
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A number of basaltic dykes, with a general strike west of north, 
occur in the Jurassic rocks north of Kilcunda and along the 
shoreline (Edwards, 1934). 

Three such dykes outcrop in the cliffs and shore platform along 
the southern coast of the Peninsula proper. Two of them are 
rapidly chilled olivine-basalts. The third, which occurs at the 
head of an embayment about one mile east of Griffith’s Point, is 
eight feet wide, with well-defined chilled margins about two feet 
thick at either contact, and distinctly coarser central part, which 
is more weathered than the margins. A thin section of fresh 
material shows it to be a coarse-grained olivine-basalt of the 
Flinders type, in which the olivine, in altering to serpentine, has 
given rise to flakes of deep brown biotite. 
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Explanation of Plates. 

Plate VII. 

The southern coast of the San Remo Peninsula, looking eastwards from near 
the Sandy Water Holes towards Black Head in the distance. The dip of 
the Jurassic strata is inland at Black Head, and seaward at the headland 
in the middle piistance The headlands are fronted by storm-wave platforms. 
The Sandy Water Holes lie behind the sand dunes in the foreground. 

The southern coast of the San Remo Peninsula, looking westwards from 
Black Head. 

The profile of the Cape Woolamai granite stock on Phillip Island, showing 
the northward slope of the granite surface. The view is taken from a 
storm-wave ledge at Griffith’s Point, 

A beheaded valley, on the headland west of Hoddinot’s coal seam. Vertical 
major joints can he seen in the cliff face and the storm-wave platform. 

Jointing in the smooth surface of a storm-wave platform cut in massive 
sandstone at Griffith’s Point. 

Effect of wave erosion on vertically-jointed current-bedded sandstone at 
Griffith’s Point. 


Fig. 1.— 

Fig. 2.— 
Fig. 3.— 

Fig. 4.— 
Fig. 5.— 
Fig. 6.— 


Plate VIII. 

Fig. 7 .—A stretch of northern coast of the San Remo Peninsula, cut in Jurassic 
sediments, looking west at mid-tide. 

Fig. 8.—A stretch of the northern coast of the Peninsula, looking west at low tide. 

The headland in the near background consists of basalt. Phillip Island 
(Newhaven) lies iti the background. 

Fig. 9.—Gently sloping cliff, covered by vegetation and fronted by a nip. Northern 
coast of San Remo Peninsula, 

Pig. 10.—Vertical cliffs in decomposed columnar basalt, fronted by a broad wave-cut 
bench eroded in fresher basalt, on the northern coast of the Peninsula. The 
grassy cliff slopes on the left are formed on Jurassic sediments, and are 
subject to landslides. The steeper cliffs on the right are cut in basalt 

. decomposed to clay. 
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Art. V.— The Physiography of the Koo-wee-rup Swamp. 
By E. S. HILLS, D.Sc. 

[Read 10th July, 1941; issued separately 15th April, 1942.] 


Introduction. 

The Koo-wee-rup Swamp, or Great Swamp as it was termed 
on early maps, is situated in the low-lying alluvial terrain between 
the foot-hills of the Eastern Highlands and the head of Western 
Port Bay, Reclamation of the Swamp was commenced in 1885, 
and no detailed account of its original condition is extant. 
Traverse notes of surveyors and the meagre information available 
from other sources indicate that the central part of the swamp 
was covered with water in which grew rushes and reeds (probably 
Phragmites communis and species of Scirpus ), and that the 
marginal land was more complex, with tea-tree ( Melaleuca 
cricifolia) in damp depressions between low sand ridges, and water 
channels in places. East (1935) remarks that I he soil of the 
swamp itself consisted of fibrous peat, 6 to 10 feet deep, water¬ 
logged for the. most part ... an ideal haven for wild fowl, 
deer and wombats Since peat was formed over the whole of the 
central portion of the swampland, it is clear that anaerobic condi¬ 
tions existed there, and as mentioned above, it is known that there 
were areas of standing water in which grew the Phragmites and 
other plants of which the peat is composed (see Goudie, 1942). 
Yet the swamp has a fall throughout its length, ranging from 
3 feet per mile in the lower reaches of the main drain to 10 feet 
per mile near Bunyip. Hence there can have been no continuous 
standing water-body of the dimensions of the swamp, and it is 
suggested that the central portions consisted of relatively small 
lake-like cells, separated by dense growths of rushes and reeds 
which acted as slowly permeable barriers to the flow of surface 
waters, while the bottom water moved even more slowly through 
a spongy mass of peaty soil. Where sand ridges rose above the 
level of the swamp (as they did in places, being used as natural 
routes into it) they aided in the impedence of drainage. I he area 
of deep peat (Goudie, 1942, Plate X.) lies between the sandy 
complex of the Bayles district (parts of which were above swamp 
level), the alluvial flats of the Yallock Creek (which likewise 
were outside and probably at a higher level than the swamp), and 
the alluvial fans of the Lang Lang River and King Parrot Creek 
on the cast. Here drainage towards the coast was particularly 
slow, and a large area of standing water may possibly have existed. 
The waters of the swamp were derived mainly from the Bunyip 
River, the defined channel of which could formerly be followed 
for about 2\ miles south of the Bunyip township, before it became 
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dissipated within the swamp. To-day the Bunyip waters are 
carried by the main drain, which is scouring deeply in the north, 
and aggrading in the south around Koo-wee-rup (see East, 1935, 
for further details of the reclamation scheme). 

Shrinkage of the peat deposits of the swamp has resulted from 
drainage, oxidation of carbonaceous material, wind erosion, 
consolidation by trampling during farm work, and in places from 
burning, so that considerable subsidence has taken place since the 
swamp was reclaimed. The extent and magnitude of this are 
indicated on the map (fig. 1), and it may be seen by reference to 
the soil-map prepared by Goudie, that significant subsidence is 
restricted to the actual paludal area in which peat occurs. The 
maximum amount of subsidence, about 8 feet, took place where 
the peat deposits were deepest, and no subsidence can be detected 
on non-peaty areas such as the alluvial flats bordering the Yallock 
Creek. East (1935) has pointed out that the underlying clays 
did not shrink appreciably on draining. 



Fig. 1,—Topographic map of the Koo-wee-rup Swamp, from data supplied by the 
State Rivers and Water Supply Commission. Existing contours are shown 
where they differ from the original contours as a result of subsidence. 


Topography. 

The alluvial terrain in which the Koo-wee-rup Swamp is 
situated has the topographic form of a half-basin which may be 
referred to as the Koo-wee-rup Basin. This is bounded on the 
east by the Heath Hill Scarp, which trends N.N.E. from 
Grantville to Longwarry, and marks the western edge of the South 
Gippsland Highlands. From Heath Hill northwards the scarp 
is composed of Older Volcanic basic lavas, but south from Heath 
Hill these are covered by late Tertiary sands, clays, and gravels. 
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which also extend westwards from the scarp towards Lang Lang 
and reach the coast at the Red Bluff, Lang Lang Beach. The 
northern rim of the basin is formed by the foothills of the 
Eastern Highlands, long spurs from which extend southwards 
between the broad alluviated valleys of south-flowing streams. 
On the west, the plain of the Cranbourne district, composed of 
Tertiary sands, gravels, and Older Volcanic rocks with isolated 
inliers of Silurian bedrock, passes gradually beneath the alluvial 
deposits of the basin (see fig. 5). The broad valleys of 
insignificant streams such as Clyde Creek carry tongues of 
alluvium into the plain, and outlying hillocks of Tertiary sands 
are in places surrounded by alluvial deposits. In the south, these 
deposits merge into the tidal mudflats at the head of Western 
Port Bay. 

The Coast. 

In the neighbourhood of Quail Island, the sandy plain of the 
Cranbourne district reaches the sea, and in this district long tidal 
inlets known as creeks extend inland between low hills composed 
of Tertiary sands and sandy clays. Salt marshes and mangrove 
swamps border the mud-bottomed tidal channels. The range of 
spring tides in Western Port is 8 feet, with low water mark 2 feet 
below low water mark, Hobson's Bay, and the salt marshes lie 
at or slightly below storm-tide level- Cliffs cut in the soft 
Tertiary sediments are suffering rapid erosion by tidal scour. 
This stretch of coastline, it is clear, originated as a result of the 
submergence of the edge of the Cranbourne plain, which adjoins 
the Koo-wee-rup Basin on the west. The “creeks” are drowned 
valleys in which natural reclamation by siltation in mangrove 
swamps and salt marshes is now in progress. 

The long, branching tidal channels known as “ The Inlets ”, 
lying to the east of Tooradin are, however, of a different nature. 
They traverse gently-sloping alluvial flats that are, with the 
exception of one or two small areas, below storm-ticle level, and 
were, before the building of levees, periodically inundated by the 
sea. In plan, the Inlets show a dendritic pattern of branching 
channels, each representing a self-contained drainage unit which 
is long compared with its breadth, and they present a remarkable 
similarity in form to the rill-marks that develop on sloping 
surfaces of water-saturated sand or mud, such as may be seen on 
beaches at low tide (fig. 2). Each rill is a miniature dendritic 
drainage system of the order of a foot or a yard in length, the 
main channels of some examples being meandrine, and of others, 
fairly straight (see, Chamberlin and Salisbury, 1905, figs. 325, 
326). 

The physiographic setting of the Inlets is directly comparable 
with the conditions under which rill-mark is developed. They 
arise at the edge of, and serve to drain the formerly water- 
saturated alluvium of the Dalmore Swamp and the south-westerly 
trending terminal “ arm ” of the Koo-wee-rup Swamp. The 
channels were fed by seepage from this saturated alluvium, and 
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it is suggested that they have become permanently fixed in 
position as a result of tidal scour. At present, owing possibly 
to the acceleration of siltation consequent upon the carrying of 
large amounts of detritus into the Bay by the drains, the Inlets 
are silting up. Saw te IPs Creek differs from the Inlets in its 
remarkably meandrine course. Aerial photographs (Plate IX., 
fig. 2) show that the meanders have undergone normal shifting 
as with river meanders, hut the head of the main creek is in the 
south-western part of the Dalmore Swamp, and the defined 
channel does not carry on through the Swamp to link up with a 
normal stream course in the north. It is, therefore, clear that 
Sawtell’s Creek, though differing from the Inlets in its strongly 
meandrine course is, like them, merely a seepage channel fed by 
drainage from a swamp. It may be noted that the pattern 
exhibited by the channels in the tidal flats at the head of Western 
Port Bay closely resembles that of the Inlets and of Sawtell’s 
Creek (fig. 2). At first sight this might suggest that the Inlets 
are upraised tidal scour-channels, but since they are still subject 
to tidal inundation this explanation is inadequate. 



Water Supply Commission. 
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East of the Inlets, the coastline is not indented as it is to the 
west. The alluvial flats bordering on the Yallock Creek, for 
example, slope gently towards the sea, and terminate in a low 
cliff about 3 feet high, over which storm-tides flood. The cliff 
and the tidal flats off-shore at this point have been excavated in 
the fluviatile flood-plain deposits, chiefly dark clay with dispersed 
grit particles, laid down by the Yallock Creek (fig. 3). This 
creek is the natural outlet to the eastern portion of the Koo-wee- 
rup Swamp, but it differs from the Inlets in that it does not 
itself traverse swamp land. 



Fk;. .3. -Mouth of Yallfivk Crvek r»t low tide, showing the low cliff and 44 shore 
platform ” cut in alluvium. 


At the Red Bluff on Lang Lang Beach, Tertiary sands, grits, 
and clays reappear in the cliff sections, and the physical features 
of the coast change. The, seaward face of the Red Bluff is still 
undergoing marine erosion, but to the north and south the 
coastline is prograding. Stockyard Point, on the south, is a 
broad complex of sand-ridges with intervening swales, built up 
just above normal high tide level, but still subject to marine 
incursions during storms. The ridges are beach ridges, aeolian 
sand drift being subordinate because of the presence of vegetation 
and the numerous swampy swales. When submergence first 
occurred, a low marine cliff was formed in the soft Tertiary sands 
and sandy clays of the Red Bluff ridge, but as a result of the 
formation of successive sand ridges, which were probably initiated 
as barrier-beaches trending north and south from the headland, 
this cliff has been removed from the influence of marine erosion, 
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and is now flanked by an “ apron ” of small alluvial cones and 
fans, which merge into the lagoonal deposits formed behind the 
sand ridges at high tide level. 

In the Grantville district, submergence brought the sea into 
contact with the alluvial cones and fans derived from the Heath 
Hill Scarp. Low cliffs about 6-8 feet high were cut in the outer 
edges of the fans, and as a result the streams that formerly 
migrated freely over them in the course of aggradation were 
rejuvenated, and are now incised in fixed channels on the fans. 
This effect is of considerable importance in the interpretation of 
changes of sea-level relative to the land as judged by the condition 
of streams, for it leads to the unexpected result that under certain 
circumstances rejuvenation may result from submergence. After 
the above events had gone on, normal progradation at storm 
tide level took place, especially in the bay-heads, and thus the 
coast from Grantville northwards is now fringed with a low-lying 
ridge and swale complex, behind which is the initial coastline 
formed on submergence (fig. 4). 



It will now be clear that there is no evidence, in the region of 
coastline investigated, for any Recent emergence such as has 
been recorded in Port Phillip Bay (Hills, 1940). The last major 
event in the physiographic history of the coast-line at the head of 
Western Port Bay was submergence. While it is tempting to 
regard this as due to the post-Glacial eustatic rise of sea level 
advocated by Daly, there is little evidence to support this idea. 

The submergence of the flood plain deposits of the Yallock 
Creek, and of the alluvial fans at Grantville, suggests rather that 
the marine incursion was a local phenomenon of Recent date, 
caused by tectonic depression of the Koo-wee-rup Basin. This 
conclusion, of course, does not in any way affect the conception 
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that there very probably was a previous post-Glacial eustatic rise 
of sea level. 'The important question of whether submergence 
is still in progress is also difficult to decide. All that can be 
said is that north of Grantville, tea-tree grows to the water’s 
edge, where it is dying, probably as a result of the immersion of 
its roots in salt water. Peaty clays laid down after the original 
submergence at this point are now exposed on the beach between 
low and high-water mark, and there is. therefore, a suggestion 
that submergence may still be in progress. The evidence available 
is, however, not conclusive, since the level at which these deposits 
formed is not known with certainty; 

The Koo-wee-rup Basin—Geological History. 

The geological history of the Koo-wee-rup Basin during 
Cainozoic times may be commenced with the development of the 
pre-Older Volcanic terrain, litis land surface was formed on 
Silurian sedimentary rocks, Palaeozoic granites, and Jurassic 
sedimentary rocks, and appears to have been of little-diversified 
relief, though well-defined river valleys existed. In pre-Bates- 
fordian (Oligocene?) times, impure brown coals, sands, and clays 
were laid down, and the Older Volcanic lava flows were extruded. 
During the Miocene a marine incursion, recorded by the presence 
of Lepidocycline limestones overlying lignites in bores at Tyabb, 
indicates a partial submergence of the area beneath the sea (Bore 
Records, 1919-22 (1929), p. 28). At Cardinia, too, Lepido- 
cyclinae have recently been obtained at about 150 feet below the 
surface in a bore (Allotment 4, Section A.l, in the Parish of 
Pakenham). Mr. W. J. Parr has kindly supplied the following 
information on this discovery:— 

“Description of Material: Light-coloured foraminiferal sand 
(in parts cemented) with frequent rounded grains of quartz. In 
addition to the foraminifera, there are large specimens of a 
calcareous alga, Litliathamnium sp. (the largest with a diameter 
of 1^ inches) and worn bryozoans. 

List of Foraminifera: 

Gypsina globulus (Reuss). 

Gypsina howchini Chapman. 

Amphistegina sp. aff. haucrina d’Orbigny. 

Lepidocyclina ( Nephrolepidina ) hamiltonensis Chapman 
and Crespin. 

Remarks: The foraminifera, particularly L. (Ah) hamiltonensis 
and Gypsina howchini, fix the age of the, bed as Batesfordian. 
The same species occur at Flinders and in the Hamilton district 
(Clifton Bank, the red limestone on the Grange Burn, and in the 
Mines Department bore). The specimens are very well 
developed. A good many are worn; this evidence of rolling and 
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the presence of the rounded sand grains indicate that the deposit 
was laid down close to the shore line.” The foraminiferal sand 
is underlain by a decomposed Older Volcanic basalt. 

This marine incursion was followed by the deposition of some 
300 feet of late Cainozoic sands, gravels, and clays of continental 
facies, which covered a wider area than the present Koo-wee-rup 
basin, since they extend on to the Heath Hill fault block in the 
Nyora district and also over parts of the Mornington Peninsula, 
especially in the north. Although the provenance of these 
deposits has not been determined, it is most probable that they 
were derived from highlands in the north, this indicating a 
probable tilting—the highlands rising and the region to the south 
subsiding. After the deposition of these, continental sediments, 
faulting and warping occurred, probably in Middle and Upper 
Pliocene times, the block to the east of the Heath Hill Scarp 
being relatively uplifted, and the Koo-wee-rup Basin depressed. 
As will be clear from the geological cross-section (fig. 5), the 
western block is tilted, inclining downwards towards the east. 


HEATH HILT. 
SCARP 



Fig. 5.-—Sketch geological cross-section from Cranbouvne to the Heath Hill Scarp, 

through Koo-wee-rup. 


The Heath Hill Fault dies away to the north of Picnic Point on 
the main Gippsland road, and also to the south, beyond Grantville, 
its maximum throw being in the neighbourhood of Heath Hill. 
The downthrown block to the west, while exhibiting an easterly 
tilt, is also warped about an E.-W. axis, so that the Older Volcanic 
rocks that pass beneath Tertiary sands in the north, reappear in 
the south of French Island. The existence of a westerly salient 
projecting from the Pleath Hill scarp towards Lang Lang and the 
Red Bluff suggests, too, that subsidiary east-west warp axes or 
faults may have been concerned in the elevation of these Older 
rocks in the south, but to establish the position of these axes 
boring would be necessary. It is, however, clear that the bedrock 
surface beneath the Koo-wee-rup Basin is itself a true tectonic 
basin, in which Cainozoic sedimentation has gone on from pre- 
Older Volcanic times until the present day. 
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After the completion of the differential movements that 
determined the major features of the existing topography, most 
of the Tertiary sands and gravels were eroded oft* the higher land. 
The stripping of these deposits from the southern edge of the 
Eastern Highlands has revealed the formerly buried terrain of 
Older Volcanic lava residuals and bedrock ridges, which pass 
below the Tertiary sedimentary rocks of the basin. The Crala¬ 
bour ne sand and its equivalents in other localities (see Holmes, 
Leeper and Nicholls, 1940) which form a covering sheet over 
the underlying more argillaceous continental Tertiary deposits, is 
a dominantly fluviatile deposit, very probably derived in large 
measure from uplifted portions of the Older Tertiary sediments. 
On the sandy plains brought into existence during this period of 
erosion and deposition, aeolian activity gave rise to sand hills in 
places, as, for example, on the Tooradin Road near Fisher’s Road. 

As the penultimate stage in the evolution of the Koo-wee-rup 
Basin, before the advance of the sea, may be pictured the 
deposition of broad, low alluvial fans by streams debouching from 
the marginal higher land on the north, west, and east, and also 
from the site of French Island, which had not yet been separated 
from the mainland. 

The evidence above advanced from the study of the present 
shoreline indicates that the swamp deposits had probably already 
been laid down when the marine incursion took place, and they 
continued to form until the swamp was reclaimed. 

Origin of the Koo-wee-rup Swamp. 

In relationship to the origin of the Koo-wee-rup Swamp, several 
points have to be elucidated. Firstly, it should be noted that 
there was only one episode, of peat formation, which persisted at 
Koo-wee-rup up till the time of reclamation. In the Dalmore 
Swamp, however, the period of peat-format ion was followed by 
the deposition of black clay. As the deposits of these two swamps 
are continuous, it is clear that the cessation of peat deposition 
at Dalmore was brought about by some local physiographic change 
that did not affect the Koo-wee-rup district. This suggests that 
a drainage modification affected the streams feeding the Dalmore 
Swamp, and there is evidence that a change of this nature did 
occur. 

Aerial photographs reveal in the St. Germain’s district the 
former existence of stream courses, extending from near the 
eastern end of O’Connor’s Road south-easterly to St. Germain’s 
and “ Carajon ” (see Military Survey, Cranbourne Sheet). These 
old stream courses are quite independent of the Cardinia Creek, 
as they lead back to the low divide near “ Gwenhurst ”, at the 
head of the creek that flows north-westerly from there to the 
Hallam Valley flats. The meanders have larger radii of curvature 
than those of the present Cardinia Creek, and it is quite certain 
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that a larger creek than this formerly flowed over the St, 
Germain’s country, towards the Dalmore Swamp (Plate. X., 
%. i). 

This stream has now vanished, probably as a result of the 
reversal of its upper regions by depression of the country to 
the north-west of “ Gwenhurst ”, The small creek now flowing 
north-westerly from that point has an extremely low gradient, 
and its outlet to the, Eurnemmering Creek is an artificial drain 
only. Thus the indications are that the Dalmore Swamp formerly 
received considerably larger supplies of water than it now does. 
It is suggested that during this period the peat accumulated, then 
with the sudden reduction of water supply, the conditions became 
unsuitable for peat-formation; swamp tea-tree invaded the area, 
and the superficial black clay was deposited. The. tea-tree 
persisted until the district was cleared and drained, its presence 
indicating that the permanently anaerobic conditions with a 
continual cover of surface water such as must have existed when 
the peat formed, had given place to a somewhat drier but still 
swampy environment. 

It may be concluded from the history of the Dalmore Swamp, 
as well as from the recorded facts that tea-tree grew on the 
fringe of the Koo-wee-rup Swamp while the peat deposits formed 
in standing water in the central parts, that the initiation of 
peat-formation followed an increase in the supply of water to the 
site of the swamp. This probably resulted from a climatic 
change involving either an increase in precipitation or a decrease 
in evaporation, especially as regards the summer months. 
Whichever factor was dominant, and of course both may have 
changed, it appears very probable that an increase in the ratio 
of precipitation to evaporation was the prime cause of the 
initiation of a peat-forming environment. 

In any discussion of possible changes in the conditions of the 
streams entering the basin, the sand and gravel deposits in the 
“ sandy complexes ” (see soil map by Goudie) must be considered. 
Although the areas so mapped by Goudie contain most of the sand 
and gravel deposits associated with swamp, there are also scattered 
sand ridges in those parts mapped as the “ normal peaty 
phase” of the swamp, and if the reports of local residents are 
reliable, certain of these ridges were used as routes along which 
cattle could be driven into the swamp, to forage on the sedges. 
It is, therefore, clear that some at least of these ridges were not 
related to river courses then in existence, hut must be older 
than the adjacent swamp deposits. In some places, indeed, peat 
overlies sand ridges, and the latter are necessarily older. Further¬ 
more, the sandy complex near Bayles is not connected at the 
surface with the northern sandy complex, although sand ridges 
continue from it, parallel to the main drain, for some miles 
towards Bunyip. Any modern stream, in order to deposit this 
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sand, would have had to “ ferry ” it across the swamp, an 
impossible condition in view of the fact that some of the gravels 
near Bayles contain pebbles \ inch in length. 

It therefore appears that the deposition of the, Bayles sandy 
complex ante-dates the formation of the swamp. The northern 
complex, too, is not connected with the course of the Bunyip 
River by surface, sand deposits. Along its northern edge is a strip 
of peaty soil that was formed in a local swamp fed by the streams 
to the west of the Bunyip River, and hence is probably younger 
than the sandy complex that blocked these streams in the south. 

The available information, therefore, indicates that the bulk of 
the sandy complexes was laid down before the swamps were 
formed, and they very probably represent the higher portions 
of an old alluvial fan deposited by the Bunyip River. As the. 
stream wandered over its growing fan, particular strips in which 
it held its course for a relatively protracted period would be built 
up, and between these, shallow depressions with finer grades of 
alluvial deposits would remain. During the formation of the 
sandy complexes the Bunyip River was actively aggrading, and 
was supplied with coarse detritus, especially from the granitic 
terrain in its headwater region. 

These conditions suggest that the climate at the time was more 
arid than at present. With a lower P/E ratio, much country that 
is now completely vegetated may have been relatively barren, and 
the granites would have weathered by crumbling into their 
component mineral grains. The Bunyip River would have had a 
smaller total flow than it has to-day, but during floods large 
amounts of detritus would have been moved from the hills and 
deposited in the aggrading reaches of the stream in the 
Koo-wee-rup Basin. At the same time the Lang Lang River and 
other streams entering the basin would have experienced similar 
conditions. Sand ridges, now vegetated, that were deposited by 
the Cardinia Creek extend for at least 3 miles beyond the 
termination of the natural channel of the stream, but the present 
stream is capable of carrying sand thus far and even further, 
since it has been confined in an artificial channel. 

1 he. Bunyip River, too, is capable of transporting sand of the 
same coarseness as that in the sandy complexes, out into Western 
Port Bay. Hence the (apparent) cessation of formation of the 
sandy alluvial fans that attended the initiation of the swamps 
involved more probably an increase in precipitation than a 
decrease. As a result, vegetation fixed much of the sand and 
gravel of the fans, the catchment became more densely vegetated, 
and the supply of sand and gravel decreased. The immediate 
run-off from the hills was reduced, but the delayed run-off 
increased, which aided in making formerly intermittent streams 
permanent, an important factor in the alimentation of the swamp. 
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As these changes progressed, it is suggested that swamp tea-tree 
first established itself on the lower and wetter parts of the alluvial 
fan. With the establishment of a permanent water supply to 
these parts, however, the tea-tree was killed and its place taken 
by reeds and rushes, growing in the lake-like cells referred to 
above. Thus were finally established the anaerobic conditions 
under which the peat accumulated. 

As Twenhofel points out (1926, p, 576), “ The development of 
peat in swamps checks the drainage of an already poorly-drained 
surface and also hinders evaporation. The level of the water 
rises and the swamp expands laterally. This expansion may 
result in the entire surface becoming swampy/ 7 

During floods, the fringing tea-tree acted as a barrier to the 
water, through which it could penetrate only slowly. Through 
any gaps in the tea-tree barrier, currents probably carried a little 
sand and gravel into the swamp, so that, with changing conditions 
in the barrier, the whole of the swamp may have at different 
times received small amounts of such coarse detrital material. 
This accounts for the presence of sand and gravel particles 
dispersed throughout the clays of the swampy areas. 
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Explanation of Plate. 

Plate IX. 

Fig. 1.—Aerial photograph showing the former stream courses in the St. Germain’s 
district. Approximate scale 1 inch = 70 chains. (R.A.A.F. photo.) 

Fig. 2. —Aer : 'd photograph of the Tooradin district, c howir.g Sawtell’s Creek and the 
tidal mudflats at the head of Western Port Bay, at low tide, The dark 
vegetation-zone around the coast is mangrove swamp. (“ Airspy ” Regd., 
photo.) 
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Art. VI.— A Survey of Soils and Land Utilisation in the Parishes 
of Koo-wee-rup and Koo-wee-rup East. 

By A. G. GOUDIE, B.Agr.Sc. 

[Read 12th July, 1941; issued separately 15th April, 1942.] 


Introduction. 

The parishes of Koo-wee-rup and Koo-wee-rup East cover an 
area of 81 square miles, and contain the largest extent of reclaimed 
peat in the State. The district, still commonly known as the 
Koo-wee-rup Swamp, is densely settled, and has for many years 
had a reputation for high productivity. The swamp area, which 
occupies almost 95 per cent, of the district, was drained towards 
the end of last century. The remaining area consists of low foot¬ 
hills along the northern boundary of Koo-wee-rup East. 

This survey falls into two main sections, namely, the mapping 
and study of soil types, and the collection of information con¬ 
cerning the farmers’ activities. The latter section was greatly 
facilitated by the willing co-operation of the Government Statist 
and his officers, whose help is highly appreciated. Many figures 
have been taken from the Statist’s records, which are collected 
annually from all farmers in the State and are grouped with the 
parish as the unit; they are referred to as “parish statistics.” 
The instantaneous cross-section of the activities of some 500 
farmers provides an accurate picture of the relative importance 
of the different types of farming. All information has been so 
tabulated that no details of individual farmers have been dis¬ 
closed. The interpretation of these records was helped by inter¬ 
views with 61 selected farmers. The soils were surveyed 
thoroughly on these selected properties and the soil map of the 
district completed with the aid of numerous observations of 
profiles at roadsides and drains. 

Description of the Surveyed Area. 

Locations 

The location of the area is shown in fig. 1, together with the 
railways and chief towns in the neighbourhood. The district is 
excellently served by roads, which make the two main Gippsland 
highways and railways readily accessible. The most outlying 
parts are little more than 50 miles away from Melbourne and 
20 miles away from either one of the market towns, Dandenong 
or Warragul. Dandenong is also the terminus of a suburban 
electric train service from Melbourne. 

13044/41.—6 
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Fig. 1.—Map of the Koo-wee-rup Basin and surrounding land, showing major drains. 

The area of this survey is shaded. The watershed (alternate dash and 
dot) and the 100-foot contour are also shown. Based on Map in (3). 


Population. 

The total population of the area is about 3,500 of whom about 
500 to 600 live in the principal township, Koo-wee-rup. There 
is a butter and cheese factory at Cora Lynn, a butter factory and 
milk depot at Bayles, and a flax mill at Koo-wee-rup. The flax 
mill is expected to employ 50 to 60 men during the peak periods, 
but the other two factories employ comparatively few. 

Topography. 

The country slopes gently from the 100-ft. contour in the north 
and north-east to Western Port Bay in the south-west. The 
district is flat, except for the small hills along the northern 
boundary of Koo-wee-rup East. The grade of the main drain 
varies from 3 feet per mile in the lower reaches to as much as 
10 feet per mile near Bunyip. The grades are so slight in the 
Dalmore area that the Cardinia drainage system is tidal for about 
5 miles of its course. The flatness is sometimes broken by sandy 
areas, which usually take the form of meandering ridges from 
1 to 5 feet high, and from a few yards to 1 or 2 chains wide. 

The main eastern highlands of Victoria begin just to the north 
of the district. 

Geology. 

The soil boundaries (fig. 3) indicate the main geological 
boundaries. The district consists predominantly of recent alluvial 
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sand and clay together with large areas of peat, but the foothills 
of Tynong (in the north of Koowee-rup East) are of deconv- 
posed granite; also a narrow strip in the east of the district 
marked as podzol on the soil map consists of Pleistocene deposits. 

Peat occurs in the central part of the district over an area of 
several thousand acres broken by only an occasional ridge of 
sand. Alluvial sand occurs in two main regions, both of which 
begin in the north-east as well-defined narrow ridges (too narrow 
to be marked on the map), and spread out as ridges and badly- 
defined sandy areas as they reach the flatter land in the centre 
of the district. Clay alluvium underlies both peat and alluvial 
sand, and also occurs as a fringe around the peat. The surface 
3 to 6 feet of this alluvium in the Dalmore district contains more 
organic matter than elsewhere in the district. 

The clay alluvium from the head of the Main Drain down to 
Iona has a comparatively steep fall towards the south and south¬ 
west. This represents the fan delta region of the Bunyip River. 

Physiographic EIistory. 

The sandy regions probably represent old river beds in which 
sand collected as it now collects in the Main Drain. 

Peat was formed and accumulated together with alluvium in 
the marshy areas beside the river courses. Peat was so wide¬ 
spread and so deep between Cora Lynn and Catani that it seems 
likely that this area was, before reclamation, a sheet of water 
that was nearly filled in by the accumulation of peat and alluvium. 
This seems curious in view of the fact that there was a slope 
of as much as 3 feet per mile in this area. Evidently the reeds 
and rushes and in places the tea-tree (.Melaleuca erici folia) grew 
thickly enough to make the flow of water extremely slow. Peat 
seems to have accumulated mainly from the remains of reeds 
and rushes. It is doubtful whether tea-tree has made any 
important contribution to the peat, though it grew densely on the 
heavy soils of the district. Two transects of the swamp made 
in 1868 show mainly reeds, rushes, and water where peat has 
now been mapped, with a small area of stunted tea-tree noted 
on the eastern edge of the present peat. 

After the district was reclaimed the marshy land shrank and 
consolidated, whereas the sandy ridges did not. Even before 
drainage many sand-ridges were exposed because the streams 
changed their courses, and thus reduced the waterlogging along 
their original beds. However, the old river beds often became 
filled with peat during their existence as lagoons, and after 
reclamation emerged as peat-covered sand ridges. 

Inorganic alluvial clay (marked as “ swamp fringe ” on the 
soil map) occurs where the natural drainage is good enough to 
have allowed sufficiently long periods of aeration to prevent the 
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accumulation of peat. The organic alluvial clay in the Dalmore 
district is an intermediate stage where much organic matter 
accumulated, although more slowly than the clay, giving a highly 
organic black clay. 


Climate. 

Average Annual Rainfall. 

There is a remarkable lack of exact climatic information in 
the closely settled country to the east and south-east of Mel¬ 
bourne. No stations in the surveyed area keep records of tem¬ 
perature, humidity, or evaporation; however, Koo-wee-rup and 
Tynong send monthly rainfall reports to the Weather Bureau at 
Melbourne. Koo-wee-rup has kept records regularly since 1902; 
the mean annual rainfall until the end of 1939 is 30-8 inches, and 
has ranged from 20*4 inches in 1938 to 41-8 inches in 1924. 
The rainfall rises sharply in the foothills to the north, where 
Tynong, Garfield, and Longwarry (the last two stations being 
just outside the north boundary of the district) have an average 
of 34*6, 34-9, and 35*3 inches respectively; but probably all except 
the extreme northern fringe of the true swamp has an average 
close to that of Koo-wee-rup. Personal records kindly supplied 
by local residents indicate that the central parts of the district 
may receive slightly less rain than the township of Koo-wee-rup. 


Table I.—Mean Monthly Rainfall and Number of Dry Months at 
Koo-wee-rup from 1902-1939; and Mean Temperature and 
Evaporation at Melbourne. 
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(Rainfall is in “ points ” ot one hundredth of an inch.) 


Distribution and Effectiveness of Rainfall. 

The climate is essentially similar to that described in more 
detail for the neighbouring district of Berwick (4), being cool 
and wet in winter and early spring, and warm and dry in summer 
and early autumn. The monthly rainfall averages for Koo-wee- 
rup and mean figures for temperature and evaporation at Mel¬ 
bourne (as an approximation to local figures) are given in Table 
I. While minimum temperatures are often lower than in Mel¬ 
bourne, daytime conditions are probably similar. 
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At first sight, monthly rainfall appears to be evenly distributed 
throughout the year; however, during the warmer months it is 
usually inadequate owing to high evaporation. Moreover, it is 
unreliable, as may be seen from the last line in Table L, which 
shows the number of times in 38 years that the rainfall for any 
one month has been less than 1 inch. Dry spells of more than 
one month are frequent. Thus, in 20 seasons out of 37, at least 
two successive months were too dry for growth (using Trumble's 
principle (9) that soil moisture falls below the permanent wilting 
point for plants when the ratio of rainfall to evaporation is less 
than one-third) ; ten seasons had at least three successive dry 
months (fig. 2). 
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Fig. 2.—Occurrence of spells of two or more dry months in succession at Koo-wee-rup. 

Each month that is marked with a heavy line had rainfall less than one-third 
evaporation. 


Perennial pasture species, maize, and summer forage crops are 
normally able to make some growth at such times because there 
are supplies of available moisture conserved in the subsoil. How¬ 
ever, maize yields are consistently lower than those obtained 
further east, probably because of both lower rainfall and higher 
evaporation. Orbost, which is famous for its maize yields, 
receives during January and February an average of 1^ inches 
more rain than Koo-wee-rup, but there are no data concerning 
evaporation. 
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Pasture production normally shows a well-marked peak in 
spring, when temperatures are suitable for growth, and the rain¬ 
fall reaches a maximum and is reliable. On the other hand, 
rainfall is unreliable in early autumn. If early falls in March 
are followed by sufficient rain to keep the soil moist throughout 
the autumn, then both annual and perennial pasture plants have 
time to develop a deep root system while the soil is still warm. 
Such well-established plants make some little growth during the 
cold wet months. If the autumn “break in the weather” is late, 
pastures make little growth until September. 

Frost. 

Most reclaimed swamps suffer acutely from frost (1, 2). The 
Koo-wee-rup swamp is no exception, and receives more severe 
and frequent frosts than surrounding districts or Melbourne. 
This may be connected with the drift of air from the high land 
on the north and east. Frosts damage potatoes and maize even 
during the summer; ground frosts were reported in the district 
on 13th January and 13th February, 1940, when the respective 
ground minima at Melbourne were 42-9 degrees and 41*4 degrees. 
Though local conditions are thus peculiar, there are no precise 
records of minimum temperatures anywhere near Koo-wee-rup; 
in view of their great importance to potato and maize growing, 
this is surprising. 

Frost damage is by no means uniform over the whole district. 
Crops grown on heavy “ Swamp Fringe ” soils (see p. 103) suffer 
less frequently than those grown on the peaty and burnt peaty 
soils. Certain Koo-wee-rup farmers say that frost damage is 
more severe on unburnt peaty soil than on adjacent burnt soil, 
and more severe on tilled soil than on adjacent untilled soil. This 
coincides with American observations, e.g., Alway (1) in Minne¬ 
sota. These differences- can be predicted on account of relative 
conductivity—that is, the looser the surface soil, the slower the 
transfer of heat from the warmer lower layers to the chilled 
surface. Bouyoucos and McCool (2) have measured a great 
number of minimum soil temperatures over a period of four years. 
The following collection of minimum ground temperatures taken 
from adjacent plots on the same night is typical of their 
observations. 

Clay loam (compact), 36‘2°F. 

Peaty soil (compact), 31*0°F. 

Peaty soil (cultivated), 28-0°F. 

Valuable frost-liable crops such as sweet corn would probably 
repay the expense required for the operation of heating equipment 
during frosty nights. The dew point on the previous evening 
(calculated from dry-bulb and wet-bulb thermometers) has been 
used for predicting the likelihood of frosts in orchards; its use 
could probably be extended to cover these Koo-wee-rup crops. 
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Fig. 3.—Soil map of the Parishes of Koo-wee-rup and Koo-wee-rup East. 
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Soil Map and Description of Soil Types. 

Seven soil symbols are shown on the soil map of the parishes 
of Koo-wee-rup and Koo-wee-rnp East. Six of these represent 
soils in the swamp group. The other represents a collection of 
miscellaneous podzols occurring on higher ground; these are of 
small extent, and are not representative of the district. The soil 
map is essentially a sketch map—the product of a reconnaissance 
survey—and is deliberately produced on a small scale. In general 
the uncertainty of any boundary does not exceed 400 yards. In 
the north-west of the district, the various transition phases 
between Dalmore clay, Koo-wee-rup peaty clay, and Swamp fringe 
are in places three-quarters of a mile wide. The doubtful areas 
have been divided between the major soil types concerned. Also, 
in the same area there was some difficulty in deciding the boundary 
between Koo-wee-rup peaty clay and the sandy complex, because 
the sandy types are scattered and poorly defined. Any more 
detailed mapping in the sandier parts would call for an immense 
amount of work, since the pattern of the sandy strips is so 
intricate. 

Swamp Types. 

The various streams, coming from areas derived largely from 
granite, have deposited sediments which vary in texture from 
coarse sand or gravel in the bed of the stream to clay, where 
water has spread out and remained stagnant. 

Because of the frequency and duration of swampy conditions, 
waterlogging is the main pedogenie factor influencing the nature 
of these soil types. Peat accumulated where waterlogging was 
continuous or nearly so. Peat deposits were largely modified by 
inorganic sediments which settled during periods of flooding. 

(1) Koo-wee-rup Peaty Clay (normal phase): This is the most 
widespread type, and it covers a large area on both sides of the 
middle reaches of the Main Drain. The characteristic profile is :— 

Horizon 1 (0-9 inches)—brownish-grey peaty clay. 

Horizon 2 (9-17 inches)—dark-grev gritty clay. 

Horizon 3 (17-33 inches)—grey gritty clay with some 
yellow and red mottling. 

Horizon 4 (below 33 inches)—light-grey gritty clay, yellow 
and red mottling. 

The gritty character is caused by the presence of angular 
fragments of coarse sand and gravel, both quartz and felspar. 

Horizon 1 normally contains from 15 to 30 per cent, organic 
matter which so modifies the clay as to give it a light loamy 
texture. However, some areas of peaty clay, which usually only 
had a thin layer of peat to begin with, are now somewhat cloddy 
because the organic matter has been depleted by oxidation, to 
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about 10 per cent. Horizon 2 has an open, freely draining struc¬ 
ture despite its high clay content. This is partly explained by 
the high content of organic matter, and partly by the presence 
of root tracks, yabby holes, and numerous persistent cracks. 
Lower horizons are impervious to water. 

(16) Koo-wee-rup Peaty Clay (burnt peat phase): This phase 
cannot be mapped in detail because of the intricate way in which 
it is associated with the normal phase, and also because of the 
great variation in the effects of burning. All burned patches have 
therefore been included in the normal phase on the soil map. 
The deep burn, which usually occurred on relatively high ground, 
destroyed the organic matter right down to the dark-grey clay, 
although a thin surface crust commonly remained unburnt and 
subsequently enriched the ash with organic matter. Deep burning 
has occurred in several patches, some of which cover a square 
mile in area. Shallow fires have been widespread and occurred 
when the water table was high enough to protect some of the 
peat from burning. The ashes from these burns soon mixed 
with unburnt peat, and the mixture worked down to give a soil 
of a similar nature to the normal unburnt type. 

(1C) Koo-wee-rup Peaty Clay (deep peat phase): This phase 
contains a lay^r of true peat up to a foot in thickness between 
horizons 1 and 2 of the normal profile. Remains of Phragmites, 
the bulrush Typha, and tea-tree were identified in this peat, and 
numerous unidentified plant remains were observed penetrating 
the underlying dark-grey clay. This peat consists approximately 
of 45 per cent, organic matter, 45 per cent, clay and 10 per cent, 
of coarser mineral fractions. 

(2) Sandy Complex: Sandy types are intricately associated 
with both Koo-wee-rup peaty clay and the swamp fringe type. 
“ Sandy Complex ” is mapped wherever a sandy type constitutes 
more than 20 per cent, of the area. Nearly all the land so mapped 
is a complex of sandy types with Koo-wee-rup peaty clay; the 
main exception is a complex of sandy types and the swamp 
fringe type near Bayles. Isolated ridges run through all the 
other soil types except the podzols, but they are insignificant and 
have been ignored. 

The complex occurs mainly in the north of the district as a 
thin strip running in a south-westerly direction. It also occurs 
to the south of the Main Drain as the north-eastern end of another 
parallel strip which crosses the parish boundary at Bayles. 

The typical sandy profile is :— 

Horizon 1 (CM- inches)—grey loamy sand. 

Horizon 2 (4-45 inches)—light-grey loamy sand. 

Horizon 3 (45-50 inches) light-grey clayey sand with some 
yellow mottling. 

Horizon 4 (below 50 inches)—light-grey gritty clay, with 
yellow and red mottling. 
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The type varies in many respects. The second horizon may 
be from 2 to 5 feet deep or even more. The texture of the first 
two horizons may vary from sandy loam or peaty loam, to almost 
pure sand. The sand fraction may contain almost any proportions 
of fine sand, coarse sand or gravel. In general, coarse sand and 
gravel predominate in the north-east and fine sand in the south¬ 
west. 

The sandy areas are quite commonly in the form of well- 
defined ridges (see p. 95). This is especially true in the north¬ 
east of the main strip and throughout the southerly strip. Much 
of the main strip consists of ill-defined sandy areas in which 
horizon 1 is peaty loam, underlain by sandy loam. These areas 
are usually slightly elevated, but bores must be dug to make 
certain that the subsoil really is sandy. 

Compared with other swamp types, these soils have a low 
water-holding capacity. Pastures and crops grown on this type 
therefore dry oft’ much earlier in the summer. On the other 
hand, sandy areas are normally more productive than other 
swamp types during really wet winters. Ground water stands 
remarkably high here; a permanent water supply is commonly 
obtained by scooping shallow dams out of suitable ridges. The 
water level of some dams was within 8 feet of the surface 
throughout the 1938-39 drought. 

(3) Swamp Fringe Type: This surrounds the Ivoo-wee-rup 
peaty clay and probably represents the edge of the old swamp 
basin which was not waterlogged intensely enough to permit the 
accumulation of more than a few inches of peat. 

The following profile is typical:— 

Horizon 1 (0-10 inches)—grey clay loam. 

Horizon 2 (10-16 inches)—light-grey clay loam. 

Horizon 3 (below 16 inches)—light-grey clay, with yellow 
and red mottling. 

The transition from this to peaty clay is very gradual, and 
every intermediate type exists. The intermediate types are dis¬ 
tinguished from Koo-wee-rup peaty clay by their greater cloddi- 
ness. The subsoil in certain areas becomes “ spewy ” when 
conditions are wet enough. Fine brownish-red mottling due to 
waterlogging often occurs in the upper horizons, giving the 
ploughed soil a brownish-grey appearance. The large area of 
soils developed on flat land to the east of the surveyed district 
(Yannathan and Yallock) are, judging by the few exploratory 
samples which were examined, very similar to the brownish-grey 
swamp fringe type. 
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(4a) Dalmore Clay (normal phase): This type occurs in a 
continuous patch in the region of the Cardinia drainage system 
(fig. 1). The following profile is typical:— 

Horizon 1 (0-7 inches) —black friable clay. 

Horizon 2 (7-30 inches)—black plastic clay becoming some¬ 
what lighter in colour with depth. 

Horizon 3 (30-34 inches)—dark-brown decomposing peat. 

Horizon 4 (below 35 inches)—grey gritty impervious clay 
with yellow mottling. 

The first horizon is of a very workable nature, despite the high 
figure for clay (Table VII.). This is explained by its 15 per 
cent, of organic matter. Small amounts of red ash commonly 
seen in the surface horizon are relics of fires used by settlers 
during the clearing operations. Horizon 2 contains the same 
mineral fractions as Horizon 1, but the clayey texture is not 
greatly modified by organic matter. Below this horizon is a 
peculiar deposit of decomposed peat which, in the central regions 
of this phase, reaches a thickness of 2 feet. Seeds of the sedges 
Scirpus and Lepidosperma were identified in this peat. 

(4ft) Dalmore Clay (non-peaty phase): This phase is almost 
identical with that of the normal phase, except for the absence 
of Horizon 3. It occurs as a narrow fringe around the eastern 
and southern boundary of normal Dalmore clay, but extends to 
the north and north-west for a considerable distance beyond the 
boundary of the district. This phase appears to have an inferior 
surface texture which corresponds to its smaller reserve of 
organic matter than normal Dalmore clay (Table XI). This is 
to be expected because, being on higher ground, the soil would 
be formed under conditions less favourable to the accumulation 
of organic matter. Some of the outlying representatives of this 
type in the neighbouring parish of Sherwood are intractable in 
the surface and have an impermeable subsoil, which cannot be 
improved by under-drainage. These soils are very similar to 
Eumemmering clay (4) ; the non-peaty phase of Dalmore clay 
within the surveyed area is transitional to this type. 

(4c) Dalmore Clay (salty phase): This is represented by a 
very small unmapped patch of land near the sea which is 
periodically flooded with salt water. The clay has been solonized 
and supports salt marsh plants and, in the less affected areas, salt- 
tolerant plants. 

Miscellaneous Podzols. 

The intensely podzolized type developed on decomposing 
granite in the north of the parish of Koo-wee-rup East has a 
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profile very similar to that of Harkaway sand, which occurs to 
the north of Berwick. The following profile is typical:— 

Horizon 1 (0-4 inches)—grey loamy sand. 

Horizon 2 (4—13 inches)—light-grey clayey sand. 

Horizon 3 (13-30 inches)—grey heavy clay, with yellow and 
red mottling. 

Horizon 4 (below 30 inches)—decomposing granite. 

Another group of podzols and deep sandy types occur along 
the eastern boundary of Koo-wee-rup East. They are derived 
mainly from unconsolidated tertiary deposits. 

Land Utilization. 

General Considerations. 

Historical Introduction. 

The settlement of the surrounding country had begun by the 
middle of last century, and by 1880 a cheese factory was estab¬ 
lished at Caldermeade, supplied by one herd of over 200 cows. 
Materials and provisions were brought up the Yallock Creek by 
boat from Tooradin because the tea-tree in the Dalmore district 
was almost impassable. The Kpo-wee-rup Swamp during this 
period was overgrown with tea-tree, reeds and rushes, with many 
lagoons. The land was occasionally leased for grazing. During 
the summer, animals were driven along the relatively dry sand- 
ridges and obtained some low-grade feed around the marshy reed 
beds and among the tea-tree on higher ground. 

In 1882, Parliament considered draining the swamp and selling 
the reclaimed land to pay for the projected South-Eastern rail¬ 
way line. The proposal was rejected, but served to draw attention 
to the possibility of opening up a valuable new agricultural area. 
Such a scheme appeared very desirable because the fertility of 
reclaimed land and the cost of drainage were usually estimated 
optimistically. In 1888 specifications were drawn up for the 
drainage of the swamp and operations started under the direction 
of a Swamp Board. The Public Works Department soon assumed 
control and the operations continued as a scheme to relieve some 
of the unemployment caused by the bursting of the land boom 
in the early ’nineties. 

The early reclamation works consisted of the Main Drain, 
which takes the Bunyip River across the Swamp to Western Port 
Bay, and a series of tributary drains which collect minor streams 
entering the Swamp. Much of the excavation was carried out 
with shovels and barrows; the labourers endured very bad con¬ 
ditions owing to the marshy nature of the land. The embank¬ 
ments of excavated mud were often the driest land available 
and had to be used both as roads and as the men’s camping 
grounds. 
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The scheme of employment was that the men were allotted 
20-acre blocks on the edge of the swamp and were given half-¬ 
time employment on the drainage works, receiving 6s. 8d. per 
day. They were allowed to keep their blocks so long as they 
effected improvements to the, value of £3 per month. Under this 
scheme 895 blocks had been allocated by April, 1894. General 
selection began in 1900, shortly after a big fire had burnt much 
of the tea-tree and other swamp debris. Prices of the blocks sold 
to settlers ranged from £1 10s. to £6 10s. per acre. 

Newly-reclaimed peat land presented peculiar difficulties. The 
dry peat was at first so fibrous and incoherent that it would only 
support the weight of light animals. Calves were frequently used 
to effect preliminary consolidation because they had large feet 
relative to their weight. Buried tea-tree roots had then to be 
removed after the peat had settled and exposed them. Cropping 
and dairying were begun as soon as it was safe to bring heavier 
animals on to the peat. However, horses* feet and implement 
wheels had often to be wrapped in bags to prevent their sinking 
too far; cows formed sunken consolidated tracks leaving loose 
hummocks which later had to he levelled by hand. Peat fires 
were commonly lit in order to destroy the dry, loose peat, the 
buried tea-tree roots and the surface debris. 

The primary drainage system could not cope with floods follow¬ 
ing heavy rain in the hills. It was enlarged in 1902, and again 
in 1913-16, and is at present being remodelled and enlarged in 
the light of experience gained from the disastrous flood of 1934. 

In 1917 the Government drainage scheme was extended to 
include the existing private reclamation schemes at Dalmore and 
Cardinia. The drainage systems of these areas are also being 
improved at the present time (6). The cost of the new works 
will bring the total drainage costs of lvoo-wee-rup and Cardinia 
to £600,000; even then, neither district will be completely immune 
to extensive floods in seasons of very exceptional rainfall, though 
these are unlikely to occur oftener than about once in ten years. 

Flooding, 

The total catchment area of the Koo-wee-rup Swamp Basin 
is 450 square miles, and its average annual rainfall is 44 inches. 
The Main Drain carries the runoff from about 260 square miles 
of hilly to mountainous country, some of which receives nearly 
70 inches. It is therefore not really surprising that there have 
been nine floods recorded in the district during the last 29 years. 
These floods have come during every season except the height 
of summer. There is no exact information about the area flooded, 
but the damage to crops has been considerable. The drainage 
system has always disappointed settlers and engineers in its 
capacity to protect the district from floods, owing to the repeated 
underestimation of the intensity of extraordinary floods. 
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1 he flood of 1st December 1934 was three times greater than 
any which have occurred since measurements began in 1907, 
and six times greater than the original estimate "of an extra¬ 
ordinary flood. Potato and maize crops were ruined and nearly 
3,000 head of stock were drowned. The water entered houses 
throughout the district, and stood 6 feet high in the streets of 
Koo-wee-rup. This catastrophe produced a profound reaction. 
Cropping, which was in any case becoming unpopular, gave way 
almost entirely to dairying; land values dropped and settlers 
agreed to a really expensive drainage system. This flood was, 
in fact, due to a freak storm. The rainfall at Warragul for 
24 hours was 7*47 inches: the previous highest 24-hour fall 
during 52 years was 3*49 indies. A storm of such intensity is 
most unlikely to recur during a lifetime, but the impression of 
insecurity still influences agriculture in this district. 

There has certainly been some increase in runoff because forest 
cover in the catchment area, especially in the headwaters of the 
Tarago, has been seriously damaged by Are and axe. Plowever, 
in some areas (notably in the Strzlecki Ranges) forest has been 
replaced by first-class pasture which can probably retain water 
as efficiently as virgin forest. 

The maintenance of drains has been a difficult problem in this 
district. Apart from the growth of tea-tree and reeds, drain 
capacities have been reduced owing to shrinkage of peat and to 
siltation. This shrinkage, which averages 3 to 4 feet over much 
of the district, was the main problem in the early days. All the 
affected drains had to be re-excavated down into the clay sub¬ 
soil. Siltation mainly affects the Main Drain. The problem is 
not a recent one. By 1916 the Main Drain had deposited a layer 
of sediment 2 feet thick a mile and a half out to sea and 
there was up to 6 feet of sand in the bed of the drain (3). The 
upper reaches have scoured to a depth of nearly 25 feet and 
at present there are approximately 80,000 cubic yards of sand 
being deposited annually in the bed of the drain below Cora Lynn. 
The sand is ideal for concrete and is readily loaded into trucks 
by means of a suction dredge. However, it is accumulating more 
rapidly than it is being removed. 

Agricultural Development. 

The only exact information on farming activities in the district 
is contained in parish statistics, which were first collected in 1907. 
Statistics have been kept continuously since then, giving a quan¬ 
titative record of agricultural development. The agricultural 
income of the district in 1907 was chiefly derived from 1,300 
milking cows, 2,500 other stock, and 1,600 acres of root crops. 
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The fluctuations and trends of the main farming activities (pota¬ 
toes, dairying, oats for hay, and sheep) are shown in figs. 4 and 5. 
Fig. 6 has been included to show the similar trends in number 
of stock in the two parishes; the trends of other activities are 
also similar, consequently the statistics of the two parishes have 
been combined in this paper. 



Fig. 4umbers of sheep and milking cows, 1906-1939, in 
the parishes of Koo-wee-rup and Koo-wee-rup 
East. 

The fluctuations of the potato crop (fig. 5) are particularly 
interesting. The district quickly established a reputation for 
potatoes and the acreage increased from 1,300 in 1907 to 15,800 
in 1923. The subsequent decline to 1,400 acres in 1939-40 is 
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Fig. 5.—Acres under potatoes and oats, 1906-1939, in the 
parishes of Kco-wee-rup and Koo-wee-rup East. 


partly a reflection of the State-wide difficulties of the potato¬ 
growing industry caused by the low prices during the early 
Thirties. Further, Koo-wee-rup farmers suffered an almost com¬ 
plete loss of their crop in the disastrous flood of 1934. Added 
to these misfortunes are the usual hazards of destructive spring 
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and summer frosts, the attacks of potato moth (Phthororimaea 
operculella) and “sore-eye” (Bacterium solanacearum) and the 
difficulties of a market which fluctuates considerably from month 
to month. These monthly fluctuations are an unfavourable con¬ 
trast to the relatively unvarying market price for milk and milk 
products. Many Koo-wee-rup farmers think that potato yields 
are lighter now than they were twenty years ago. However, 
statistics collected over the last fifteen years for county Morning- 
ton suggest that slightly higher yields have been obtained recently 
than during the peak years of potato growing. 



(906 1910 1914 1916 1922 1926 1950 1934 933 


Fig. 6. —Numbers of stock in the parishes of Koo-wee- 
rup and Koo-wee-rup East, 1906-1939. A 
stock unit is defined as 1 cow, heifer, or 
horse, 2 calves, 10 sheep or 15 lambs. 


Most farmers have turned from growing potatoes to dairying. 
The milking cow population, which had varied between 1,600 
and 3,700 for the twenty years preceding the slump in potatoes, 
rose steadily to 9,700 by 1937 (fig. 4). The number has fallen 
slightly since then, mainly on account of the drought of 1938-39, 
but it may reasonably be expected to increase with better 
management and improvement of pastures. 

Fig. 5 shows that between 1911 and 1923 over 6,000 acres of 
oats were grown annually for hay, and on two occasions the 
figure exceeded 10,000 acres (or one fifth of the total area of 
the district). Flay was then grown as a cash crop in rotation 
with potatoes, but is nowadays only used as supplementary fodder 
for dairy cows. This accounts for the smaller acreage during the 
last ten years. Yields of hay calculated over the last 30 years 
normally vary from \\ to 2 tons per acre. 

In addition to these major activities, fairly large areas of grain 
crops (mainly wheat, oats, and maize) have been planted at 
various times. 

During the late twenties over 1,000 acres of wheat were grown 
annually, the highest acreage being 4,000 in 1928. Yields 
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averaged 28 bushels per acre over a number of years, and some 
farmers reported having harvested 40 bushels per acre. A few 
hundred acres of oats were harvested for grain over the same 
period, yields being somewhat lower than those of wheat. 

The area of maize for grain to-day is almost equal to that of 
potatoes, and has remained steady during the last fifteen years. 
Annual wholesale price averages are far steadier than those of 
potatoes and onions. 

In addition to these larger areas of crop, farmers of the district 
have for many years grown smaller areas of onions, carrots, 
peas, asparagus, pumpkins, melons, and other minor cash crops. 

Individual Occupations. 

Definition of Farm Types. 

The occupations of farmers have been analyzed by using the 
parish statistics for 1939-40. Occupation and size of holding are 
classified in Table II. There are 438 farmers whose production 
is considered to be significant; a farmer who is so classified has 
as a minimum 7 cows, or 5 acres of cash crop, or 80 sheep, 
or 10 head of other stock. This leaves 78 men whose names 
appear on the records as farmers, but who are classified here 
as “ unproductive.” 

Table II.—Distribution of Farmers on Basis of Occupation and Size 

of Holding. 


Number of Farmers of Given Occupation. 


Size of 
Holding 
(Acres). 

Dairy. 

Dairy 

and 

Cash- 

Crop. 

Cash- 

Crop. 

Cash- 

Crop 

and 

Other 

Stock. 

Sheep. 

Dfiry 

and 

Sheep. 

Unpro¬ 

ductive. 

Miscel¬ 

laneous 

Graziers. 

Total. 

16-20 

21- 40 

41- 60 

61- 80 

81-100 

101-120 

121-150 

151-200 

201-300 

>300 

17 

35 

68 

41 

49 

26 

20 

15 

6 

4 

5 

17 

13 

8 

10 

7 

4 

1 

5 

12 

10 

6 

4 

3 

1 

8 

1 

1 

3 

1 

1 

1 

1 

3 

1 

2 

3 

1 

1 

1 

1 

2 

2 

2 

33 

19 

8 

6 

2 

3 

2 

2 

3 

1 

3 

1 

1 

1 

2 

4 

2 

56 

74 

105 

67 

69 

44 

36 

35 

19 

11 

Total farmers 

281 

65 51 

10 

9 

7 

78 

15 

516 

Total acres .. 

24,410 

5,775 4,540 

2,505 | 1,743 

2,356 

3,740 

3,440 48,509 

Percentage of 
total area .. 

50 

12 

9 

5 

4 

5 

8 

7 

100 

Average size of 
farm (acres) 

87 89 

89 

250 

194 

337 

48 

230 

94 


As Table II. shows, the majority of men in the unproductive 
class are so because their farms are very small. Other men with 
larger farms are unproductive because much of their land is 
“ uncleared.” The 2,900 acres of “ uncleared ” land in this 
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district consists mostly of salty land near the sea and of podzolic 
land under eucalypt cover in the north and north-east of the 
Parish of Koo-wee-rup East. The “ unproductive ” class neces¬ 
sarily includes a few poultrymen (since poultry are not now 
included in parish records;, and graziers who happened to be 
running no stock when the statistics were collected. 

The following is the basis of the classification of productive 
farmers. Men with at least 7 milking cows, 5 acres of cash 
crops, 80 sheep, or 10 head of other stock are grouped as 
dairymen, cash-crop farmers, sheep farmers, or “ miscellaneous 
graziers ” respectively. Farmers who derive 20 per cent, of their 
income from each of at least two of these activities are classed 
as “ mixed ”—dairy with sheep, dairy with cash crop, and cash 
crop with other stock. For the purpose of this classification 
1 acre of cash crop, two milking cows or twenty sheep are 
considered to produce the same income. 

Forty-nine farmers were selected from a recommended list 
and personally interviewed, in order to obtain more detailed 
information concerning farm activities, pasture types and the 
history of the district. These farms were scattered fairly evenly 
over the whole district. In addition, twelve small farms were 
selected at random and visited because the recommended list 
contained too great a proportion of large farms to be truly 
representative. Some of the farmers with less than 40 acres have 
independent sources of income. Most of the remainder have to 
do _ some work on roads, drains, or other farms, in order to 
maintain a reasonable standard of living. 

Datry Farmers. 

There are 281 dairy farmers who derive more than 80 per cent, 
of their income from dairying. The distribution of herd size 
and farm acreage is given in Table III., which shows that herds 
of 16-20 cows and farms of 41-60 acres are most frequent. 


Table HI.—Distribution of Dairymen on Basis of Size of Farm and 

Size of Herd. 


Size of 




Number of Milking 

Cows. 





(Acres). 

7-10. 

11-15. 

16-20. 

21-25. 

26-30. 31-35. 

36-40. 

41-50. 

51-60. 

>60. 

Farmers. 

16- 20 

10 

6 

1 








17 

21- 40 

7 

13 

14 

i 







35 

41- 60 

8 

18 

25 

13 

1 

2 

1 




68 

61- 80 


8 

15 

8 

6 

4 





41 

81-100 

2 

6 

5 

11 

15 

5 

3 

i 

1 


49 

101-120 


1 

2 

4 

8 

4 

5 

2 



26 

121-150 



2 

4 

2 

5 


6 


i 

20 

151-200 

i 


2 


2 

4 

o 

e> 


2 

15 

201-300 



.3 






o 

1 

6 

>300 .. 






i 

2 

i 



4 

Total 












Farmers 

28 

52 

69 

41 

34 

25 

13 

12 

3 

4 

281 


“ Small dairymen ” 

“ Medium dairymen ” 

“ Large dairymen ” 



13044/41.—7 
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The activities of dairymen are most conveniently described by 
dividing them into three groups according to size of herd, viz.,, 
those with up to 20 cows (small dairymen), those with 21-40 
cows (medium dairymen), and those with more than 40 cows 
(large dairymen). 

There are 149 small dairymen, the average holding being one 
of 58 acres with 15 milking cows, and other stock equivalent 
to 11 milking cows. Of this 58 acres, 51 acres consist of 
grassland, 20 acres of which are annually topdressed at the rate 
of 1*4 cwt. per acre and 7 acres are sown to supplementary green 
fodders. 

There are 113 medium dairymen, the average holding being 
one of 106 acres with 29 milking cows and other stock equivalent 
to 15 milking cows. (For stock equivalents see under fig. 6.) Of 
this 106 acres, 90 acres consist of grassland, 42 acres of which are 
annually topdressed at the rate of 1-5 cwt. per acre and 16 acres 
are sown to supplementary green fodders. 

There are nineteen large dairymen, the average holding being 
one of 176 acres with 55 cows and other stock equivalent to 
31 milking cows. Of this 176 acres, 145 acres consist of grass¬ 
land, 85 acres of which are annually topdressed at the rate of 
1*4 cwt. per acre and 31 acres are sown to supplementary green 
fodders. 

Milking machines have increased almost ten-fold in the last 
seven years, and are now operated by over half of the medium 
and large dairymen and by one-ninth of the small dairymen. 
Petrol, kerosene, or diesel engines are usually the source of 
power, although electric motors are used on some farms. 

Many dairy farmers supply whole milk to Melbourne, either 
directly or through the milk depots at Bayles and Longwarry. 
Others supply whole milk or cream to the butter factories 
at Bayles and Longwarry, and to the cheese factory at Cora Lynn. 
Whole milk, other than city contract supplies, is paid for on a 
butter-fat basis, and commands a small premium over cream to 
allow for the factory value of skim milk. 

Supplementary Fodder Crops: Eighty per cent, of dairymen 
grow supplementary green fodder, most of the remaining 20 per 
cent, have only small herds. More than half the dairy farmers 
grow oats to supplement pastures during the winter; cows turned 
in to graze the crop do not “ bog up ” the plants as they would 
in other districts of comparable rainfall because the excellent 
structure of these highly organic soils allows excess water to 
pass quickly through upper horizons and then laterally to 
artificial drains. 

Farmers usually discontinue grazing oats in August so that 
the crop can later be cut for hay. Some farmers harrow in red 
clover seed after the last winter grazing, harvest the mixed crop. 
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and retain the red clover stand as a good summer and autumn 
reserve of green fodder. Red clover makes good growth in this 
district, if it is properly established; it is, therefore, undesirable 
to sow and graze it with oats during the winter because the 
crown of the young plant is exposed to damage. 

More than half the dairymen of the district grow maize, which 
is usually fed as a soiling crop during the pasture shortage of 
late summer and autumn. Some dairymen find that pastures are 
inadequate to provide succulent feed until maize is ready to cut, 
so that fairly large areas of millet and rape are sown. 

Dairymen who supplement pastures with green fodder crops 
grow on an average half an acre per cow of oats, rape, or millet, 
or one-quarter acre per cow of maize. Table IV. shows that 
some dairymen in all three classes grow a combination of two 
or even three of these crops in an endeavour to maintain 
production throughout the year. 


Table IV—Distribution of Dairymen According to the Type of 
Supplementary Green Fodder Grown. 


Classificatior by 
Size of Herd. 

Total 
Number 
of Men 
in the 
Group. 

Growing 

No 

Supple¬ 

mentary 

Green 

Fodder 

Oats 

Alone. 

Maize 

Alone. 

♦Other 

Green 

Fodder 

Alone. 

Oats 

and 

Maize. 

Oats 

and/or 

Maize 

and 

Other 

Green 

Fodder. 

Small dairymen .. 

149 

35 

26 

25 

6 

30 

27 

Medium dairymen 

113 

17 

19 

16 

2 

23 

36 

Large dairymen .. 

19 

1 

4 

2 


7 

5 


* Mostly Millet or Rape. 


Pasture Types: Pastures are by far the most important part 
(probably about 80 per cent.) of a milking cow s diet in this 
district. Among dairymen, the area of grassland is about six 
times as great as the total area of green fodder crops. 

Some 4,600 acres of this 35,000 acres of grassland were 
inspected during the autumn and spring of 1940, and foui major 
types were distinguished; (a) one in which dense perennial iye 
grass is usually the dominant and in some cases the only species 
present, with cocksfoot, white clover, and red clover as the usual 
associates; (b) rather thin stands of perennial rye grass, a fanly 
dense stand of subterranean clover and varying amounts of Vork- 
shire fog, cocksfoot, and “water couch ’ (Paspalmn distuhum K 
(r) unimproved native pastures in which wallaby grass js 
dominant; and ( d ) a characteristic “volunteer pastuic associa¬ 
tion which appears after cropping. 1 his usually consists of weed-, 
and subterranean clover, but near the Main Dram, white clovei 
also commonly volunteers. The usual weeds are rushes, thistles, 
flatweed, and sorrel; bracken, ragwort, and blackberries are 
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seldom seen on the farms, but the reed, Pliragniites, is common 
over large areas of this volunteer pasture, although it can be 
completely suppressed by proper management. 

Only 15 per cent, of the area of inspected farms consisted of 
the dense perennial type (a). By far the commonest type was 
the subterranean clover-perennial rye grass association (£?), 
which has one serious drawback on light peaty loams and burnt 
loams, namely, that cows pull up many rye-grass plants during 
summer and autumn while soils are dry and loose and there is 
no binding mat of subterranean clover. The unimproved native 
pastures (c) were observed only in small patches on the poor 
podzolic soils in the north and north-east of Koo-wee-rup East. 
Volunteer pasture (d) constituted 35 per cent, of the area 
i nspected. 

Topdressing and Management: Topdressing only began during 
the late twenties; the average area topdressed annually rose to 
17,000 acres (or one-half of the total grassland area) in 1938-40. 
Parish statistics unfortunately group applications of lime and 
superphosphate under the common heading of “ manure.” How¬ 
ever, the difficulty is not as serious as it sounds, because inquiries 
among farmers show that at most one-twelfth of the topdressed 
area receives lime. The average rate of application of “ manure ” 
for 1939 was 1*4 cwt. per acre. 

The Victorian Pasture Improvement League have carried out 
pasture trials at Caldermeade, 3 miles east of Koo-wee-rup, on 
soil resembling the normal swamp fringe type, and have shown 
that 2 cwt. per acre of superphosphate, applied annually, markedly 
increases the yield of pasture. Yields of dry matter per acre 
from mown plots ranged from 25 cwt. in the drought season of 
1938-1939 to 82 cwt. in 1936-37 with an average of 55 cwt. over 
eight seasons. (The season is reckoned from 1st March to 28th 
February.) Although there is no doubt that topdressing is well 
worth while in the Koo-wee-rup district, it may easily be less 
so than elsewhere because of the residual effect of previous heavy 
applications of phosphate to the land. 

There has been great interest in lime in this district as elsewhere 
in southern Victoria, but there is no evidence of an increase in 
yield of pasture subsequent to liming on the Caldermeade plots. 
In fact, other fertilizer treatments (nitrogen, potash, lime 
together with 2 cwt. of superphosphate; also 3 cwt. superphos¬ 
phate) do not produce a significantly greater response than 2 cwt. 
superphosphate alone. 

The Caldermeade plots are cut and weighed at convenient 
intervals; they normally yield two-thirds of their annual bulk 
between mid-August and mid-November, a further one-sixth 
before the end of December, and the remaining one-sixth in the 
following eight months. It is clear from these observations that 
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conservation of the spring pasture surplus is a necessary adjunct 
to topdressing. In 1937—a fairly normal year—the average yield 
of grass hay per acre was one and a quarter tons, yet only 1 acre 
in every fourteen of grassland was cut for hay in this year. 
Evidently many farmers in the district have not yet realized the 
possibilities of this phase of pasture management. The excep¬ 
tionally severe drought of 1938-9 and the abnormally vigorous 
autumn growth during 1939, following the fall of 7 inches of 
rain at the end of February, make it misleading to quote more 
recent figures as representative. Some farmers who baled their 
hay and who should therefore have reliable estimates, reported 
3 tons per acre for the 1939 cut. 

Among the farmers visited, nearly all harrow their pastures to 
spread cow manure, and none believe in the now obsolete practice 
of mutilating the sward as a means of increasing pasture growth. 
Ordinary harrows are commonly used with or without a reduc¬ 
tion in the draught of teeth made by fitting a board along the 
front row of teeth, or by packing the whole set with wire netting. 

Farms are usually divided into paddocks of 5-10 acres, yet 
only a few farmers carry out systematic rotational grazing. 
However, the bulk of fodder produced during summer, autumn, 
and winter is so small that it is doubtful if subdivision is worth 
while on mediocre pastures. But if the fences are already present, 
the farmer may as well practise rotational grazing and obtain 
the small increase in growth which is known to occur under this 
treatment. 

Rate of Stocking: The average rate of stocking on dairy 
farms is one stock unit per 2*4 acres (a stock unit is arbitrarily 
fixed at one dairy cow, dry cow, heifer or horse, 2 calves, 10 
sheep, or 15 lambs). Farms of small area (fig. 7) are more 
heavily stocked than those of large area; the median rate of 
stocking on farms of less than 60 acres is 1*9.acres per stock 
unit compared with the corresponding figure of 2-7 for farms 
of more than 120 acres. 

Relation of Superphosphate to Rate of Stocking: The exact 
relation between topdressing with superphosphate and rate of 
stocking cannot be worked out from the statistical records for 
two reasons. Firstly, there is a difficulty about the records them¬ 
selves, since lime and superphosphate are grouped together as 
u manure/’ Secondly, many small farms are topdressed only in 
alternate years. However, enough farms are topdressed regularly 
to yield the surprising fact that there is hardly any correlation 
between topdressing and rate of stocking. 

It is worth while to consider some of the reasons for this 
low correlation because pastures in this district certainly benefit 
from the application of superphosphate. A major reason is the 
residual effect of previous crop and pasture dressings. Dressings 
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of half a ton of superphosphate were, and still are, commonly 
used on potatoes. The amount of phosphorus removed by a 
4-ton crop of potatoes corresponds to only 64 lb. of super¬ 
phosphate, so that, after a number of years of intensive potato 
cropping, a considerable, though diminishing residual effect is 
quite natural. There are still men, especially in the Dalmore area, 
who regularly sow pasture in rotation with potatoes, and their 
pastures are outstandingly good. Supplementary fodders also 
raise the carrying capacity of a farm. Nearly all the 20,000 bags 
of grain, bran, and pollard which are normally bought every year 
are fed to milking cows. Further, the exceptionally large and 
well-distributed area of road and drain frontage is commonly 
used to relieve the strain on over-grazed pastures. 


80 


^ 6C 



I. 2 3. 4 

ACRES PER STOCK UNIT 


F IG . 7—Distribution of farms in the two parishes according to rate of stocking. This 
figure also shows the relative importance of farms of different sizes toi 
each rate of stocking. 


The real criterion of farm efficiency is milk per acre or butter- 
fat per acre, but sufficient data could not be obtained to analyse 
these in relation to topdressing and pasture management. 

The standard of animal nutrition varies strikingly from farm 
to farm. Wood (12) states that the extra ration required by 
the average Jersey cow to produce one and two-third gallons of 
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milk is equal to its daily maintenance ration of five starch equival¬ 
ents. Over-grazing at the expense of milk production is, 
therefore, alone sufficient to explain the abnormally high stocking 
of some small farms, and in particular of small farms not 
topdressed at all. 

Cash-Crop Farmers. 

General Discussion: Of the 126 farmers growing more than 
5 acres of cash crops, 51 derive more than 80 per cent, of their 
farm income from this source. Their average holding is 90 acres, 
half of which is cropped; but at Table II. shows, a few large 
farms considerably affect the average size. 

Stocking is generally very light, and the average man has three 
or four horses and one or two cows for domestic use. Nearly 
a quarter of the farmers have tractors as well. 

The activities of the cash-crop farmers, as shown in Table V., 
vary widely. Potatoes and maize for grain occupy an area equal 
to the combined area of all the special crops, viz., sweetcorn, 
asparagus, onions, melons, pumpkins, carrots, parsnips, cabbages, 
parsley, and peas, the last seven of which have been grouped as 
“ Other Vegetables ” in Table V. Of the “ Other Vegetables/’ 
green peas are by far the most important and, together with 
asparagus and sweetcorn, supply an appreciable proportion of 
the Victorian canned vegetable industry. 


Table V.—Activities of the Fifty-one Cash-crop Farmers. 


— 

Potatoes. 

Maize for 
Grain. 

Sweet¬ 

corn. 

Aspara¬ 

gus. 

Onions. 

Other 

Vegetables. 

Total area (acres) .. 

039 

585 

224 

150 

75 

647 

Number of growers .. 

30 

23 

2 

1 

10 

25 

Average area grown 
(acres) 

18 

25 

112 

150 

7 

26 

Number growing one 
crop 

8 

7 




4 


The texture of soils in this district is generally well suited to 
cash cropping, but much of the most suitable land is infested 
with Phragniites. This reed is very hard to control in cultivated 
paddocks because it grows quickly from a deep system of 
rhizomes; in fact, many people believe that cultivation causes a 
more prolific reed growth. This is probably correct except where 
cultivation is very intensive, t he vigour of the reed can be 
greatly reduced by establishing a good pasture stand and keeping 
it well grazed for several seasons. 

Potatoes: The better farmers select their seed from the 
previous season’s crop and store it in racks under trees which 
allow sufficient light and provide shelter from the weather. 
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Potatoes are usually sown during October or early November 
so that nearly half of the crop can be dug by the end of February. 
The normal rate of seeding is 10 to 15 cwt. per acre with up to 
10 cwt. or even more of superphosphate., with or without 
ammonium sulphate. The better farmers realize that far higher 
yields can be expected when potatoes are sown after a pasture 
stand two or three years old. The good effect is due mainly to 
a big reduction in the number of potato parasites. Sowing is 
followed by the usual cultivation between the rows to conserve 
moisture and soil nutrients. Most farmers u mould ” their crops 
heavily, mainly to combat potato moth (Phthororimaea opercu- 
lella) which, during dry seasons, is the most destructive potato 
parasite in this district. Moths reach the tubers more easily in 
heavy soils than in peaty soils because heavy soils crack during 
dry weather and the funnel-shaped hole formed by rotation of the 
main stalk during windy weather does not readily fill in. Losses 
are said to be more severe among early crops and especially with 
the variety Carman, 

However, even with the utmost care in preparation and subse¬ 
quent cultivation, the yield depends primarily on the occurrence 
of rain and the absence of frost. Soaking rains are especially 
necessary at flowering time; plants can suffer severe damage or 
even death frohi summer frosts (see p. 98). 

Maize for grain and Swectcorn: These two crops are very 
similar as to seeding, manuring and cultivation. Usually 8-12 lb. 
per acre of seed are sown with a corn planter so that the crop can 
be cultivated in two directions. Superphosphate is usually applied 
at the rate of 1 to 2 cwt. per acre, and farmers say that even 
this is not necessary if maize follows a heavily supered potato 
crop. Strict weed control is essential. The average yield of maize 
grain for county Mornington varies from 7-7 to 33*3 bushels per 
acre. The Victorian average yield over the same period is 33-8 
bushels per acre which suggests that except for abnormal years, 
this district as a whole is too dry for really good yields, though 
some areas may be favoured with ground water accessible to the 
roots. Proximity to the canneries justifies the risk of failure 
with sweet corn. Frost can be very serious, especially while the 
styles are extruded for fertilization. Except in very unfavourable 
seasons when many crops are fed to stock in the same way as 
ordinary drilled maize, the cobs are picked at maturity and stored 
in cribs, or in the case of sweetcorn, picked some time before 
maturity and sent straight to the cannery. In this district, stover 
is normally worth about £1 an acre as stock feed. 

Asparagus: Three of the six main Victorian asparagus farms 
are in this district. Each of the three grows over 100 acres under 
contract to canneries. 
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Seed selected by the cannery is sown in rows 6 feet apart, and 
after a year seedlings are transplanted at a depth of about 6 
inches in rows of 4 teet to 6 feet apart. Growers usually apply 
\ to 1 ton per acre of manure (mainly superphosphate). The 
stand is ready to cut when three years old and growers find that 
tips do not begin to deteriorate for about fifteen years. The tips 
are cut daily from October to December. 

Cutting is stopped during December so that the tops make 
sufficiently vigorous growth to replenish the food store of the 
rhizomes; canneries have to be free at this time to deal with other 
vegetables and soft fruits. 

Asparagus beds are cultivated throughout the growing period 
to keep them weed-free and the crowns well covered with soil. 
During winter the tops die and are cut off. Weed control is not 
essential and stock can be turned in to graze the volunteer growth. 

Green Peas : Usually 5 bushels per acre of seed are sown 
with a dressing of about 3 cwt. of superphosphate. Where peas 
are grown under contract to a cannery, the whole plants are cut 
with a mower, loaded on to a motor truck and taken to the 
factory, where the peas are automatically shelled, processed, and 
canned. Selected areas are allowed to mature and the seed used 
for next season’s crop. 

Other Cash Crops: The areas of the remaining cash crops are 
unimportant ; however, the recent stimulus to the flax industry 
has resulted in the decision to erect a flax mill at Ivoo-wee-iup. 
Those farmers who have decided to grow flax are given access 
to expert advice, and what is very important, a guaranteed price. 
Nearly a thousand acres were sown in 1940-41. 

“ Dairy with Cash-crop * Farmers. 

There are 66 farmers deriving their income from these two 
activities combined, and the general discussions on dairying and 
cash cropping apply equally to these men. Ihe propot turn of 
small, medium and large herds among these farms is practically 
identical with that of dairy farms. A crop-pasture rotation is 
beneficial from the stand-point of cash cropping, but apait from 
the small amount of feed obtained from crop refuse and cropland 
weeds, the stock management of this type of mixed farm omy 
differs from that of pure dairying in the smaller total pasture 
area available. Much of the district is undoubtedly suited to cash 
crops, and many farmers will probably begin to grow them again 
should prices become reasonably stable. 

The average mixed ct dairy-with-cash-crop faun is, at 
present, one of 89 acres, fourteen of which are annually sown to 
cash crop; it carries 22 milking cows and also fourteen other 
stock units. The relative importance of potatoes and maize toi 
grain is given on Table VI. 
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Table VI. —The Relative Importance of Maize for Grain and 
Potatoes on “Dairy with Cash Crop” Farms. 


— 

Maize for 
Grain. 

Potatoes. 

Other Cash 
Crops. 

Total area of crop 

378 

388 

119 

Average area grown per farm .. 

12 | 9 

9 

Number of growers 

31 

41 

13 

Percentage of total “ dairy with casli-crop ” farmers 

47 

63 | 20 


Of the twenty farmers growing two of these crops, eleven grow potatoes and maize. 
“ Other cash crops ” include sweetcorn, onions and other vegetable crops. 


Minor Occupations. 

1 he four remaining agricultural activities may lie dealt with 
summarily, because it is almost certain that if maximum farm 
income had to be realized, dairying would replace all forms of 
production other than cash cropping. 

Cash-crop until other Stock: This is a group of ten cash- 
crop farmers who, in general, have large holdings and quite a 
lot of stock other than dairy cows. The average farm is one 
of 250 acres with 55 stock units and 52 acres of cash crops, 23 
acres of which are potatoes or maize for grain while the rest 
is asparagus, sweetcorn or other vegetables. The stock consist 
mainly of sheep, but some farmers have quite large numbers of 
beef cattle. Among the eight men with sheep, the average flock 
is of 270 mature sheep and 130 lambs. Nearly all topdress a 
small proportion of their pastures and manure their cash crops 
at approximately the same rate as do the cash crop farmers. 

Sheep Farmers: The nine farmers who derive the whole ol 
their income from sheep have, on an average, a farm area of 195 
acres and had a flock of 460 sheep with 145 lambs at the date 
when records were collected. Of the six men who topdress their 
pastures, only two topdress more than half their farm. 

Intestinal parasites and footrot are usually troublesome and 
good farmers drench their lambs as often as once every three 
weeks and control the spread of footrot by strict quarantining 
of affected stock and by rotational grazing. 

However, the sample of farmers is so small that nothing else 
can be said of their systems of management in general except 
that some fatten store sheep or lambs and others breed their own 
stock. 

Sheep and Dairying: On seven farms sheep and dairying are 
combined as the main activity. These farms have an average size 
of 330 acres and are lightly stocked. Herds vary from 11 to 100 
cows, the average herd being one of 30 cows. The average flock 
of 250 mature sheep yields from 7\ to 9 lb. of wool per sheep, 
and four of these men supplement their incomes with an average 


















A Survey of Soils and Land Utilisation, 


121 


of 60 lambs. The proportion of their land topdressed and sown 
to green fodder crops is roughly the same as that for pure 
dairymen. 

Miscellaneous Graziers: There are fifteen farmers whose 
farming activities cannot be classified under any of the preceding 
categories. Five of the farms have more than a quarter of their 
area uncleared. Four men run sheep as well as beef^ cattle, 
calves or heifers while the others run beef cattle, heifers or 
horses. Supplementary green fodder is not generally grown, but 
top dressing is nearly as popular as with dairymen. 

VI. Physical and Chemical Analysis of Soil Types. 

Mechanical Analyses. 

Representative samples of the main soil types were separated 
into the mechanical fractions defined by the “ International ’ 
limits, viz., coarse sand 2-0 to 0*2 mm., fine sand -2 to 
•02 mm., silt 0-2 to 0*002 mm., and clay less than 0-002 mm. 
Percentages, calculated on an oven-dry basis, are set out in 
Tables VII. and VIXL 


Table VII.— Mechanical Analyses of Koo-wee-rup Peaty Clay and 

Dal more Clay. 


Soil Number 

K 06. 

K 12. 

Soil Type .. 

Koo-wee-rup Peaty Clay. 

Dalmore Clay. 

Horizon 

a. 

b. 

c. 

a. 

b. 

c. 

Depth (inches) 

0-9 

9-17 

17-33 

0-9 

9-34 

34-44 

Coarse sand 

8-2 

24-1 

27-6 

2-7 

2*0 

21*3 

Fine sand 

11-5 

21-2 

16-2 

8’5 

3*8 

24 * 6 

Silt 

14*5 

15-7 

15-0 

12‘1 

6*5 

20 * 0 

Clay 

40-1 

36*6 

41-4 

06*9 

82-0 

3 i'*> 

Carbon 

10-2 

2*9 

1-0 

7-9 

3*8 

1*2 

Nitrogen 

•68 

•14 


•43 

•23 


pH 

4*9 

5*1 

5*0 

5*1 

5*3 

5*4 


Table VIII. —Mechanical Analyses of Swamp Fringe Type and of a 

Podzol on Granite. 


Soil Number 

K 23. 

K 31. 

Soil Type .. 

Swamp Fringe Type. 

Podzol on Granite. 

Horizon 


b. 

c. 

a. 

b. 

c. 

Depth (inches) 

0-10 

10-16 

16-36 

0-4 

4-13 

13-30 

Coarse sand 

3-3 

4-0 

2*4 

48*0 

43-9 

15-3 

Fine sand .. 

48-4 

44*5 

37*0 

23*8 

28-8 

10-0 

Silt 

22*4 

22*0 

21-2 

13-6 

15 * 4 

4*7 

Clav 

22-8 

27-3 

37*6 

8-0 

10-0 

70-0 

•Carbon 

2-6 

1*3 

1-0 

3-9 

0-6 


Nitrogen 

•18 






pH 

5-4 

5*4 

5’3 
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The main characters of texture are shown in the tables— 
viz., the clayey texture of the surface and the gritty subsoil of 
both Koo-wee-rup peaty clay and Dalmore clay, and the silty 
nature of the swamp fringe type. Analyses of other surface 
samples of Koo-wee-rup peaty clay and swamp fringe type con¬ 
firm the generally representative nature of these profiles; yet it 
must be borne in mind that a few small areas have been mapped 
as either of these major types when, in fact, their percentage of 
sand may exceed that of the type by as much as 25 per cent, 
owing to the proximity of sandy areas. Likewise, although there 
is generally less than one per cent, gravel in Horizon 1 of 
Koo-wee-rup peaty clay, some exceptional samples contain as 
much as 10 per cent. 

The mineral fraction of Dalmore clay varies remarkably 
little. 

Hydrochloric Acid Extract. 

Representative soils were extracted with boiling hydrochloric 
acid (as in the International method). Potassium and phosphorus 
were estimated and the results conventionally set out in Table IX. 
as percentage K a O and P 2 O g respectively. Although the number 
of samples is small, certain general relations are indicated. 


Table IX. —Potassium and Phosphorus Dissolved by Boiling 
Hydrochloric Acid. 


Soil Type. 

Sample 

Number. 

Depth 

(Inches). 

k 2 o 

(Per Cent.). 

P £ 0 5 

(Per Cent.). 

Dalmore Clay 

K 12a 

0- 9 

•32 

•164 


K 12b 

9-34 

•27 

•036 


K 13a 

0-10 

•26 

•124 

Koo-wee-rup Peaty Clay .. 

K 06a 

0- 9 

•20 

•150 


K 06b 

9-17 

•11 

•025 


K Ola 

0-10 

•19 

•158 


The reserve of potassium is moderately good. Weathered 
felspar is a common constituent of the sand fraction and its 
potassium (which is not extracted by this method) makes the 
total reserve still higher. Sample K13a is a virgin Dalmore soil; 
KOI a is a virgin burnt peat. They show no appreciable differences 
from cropped land; neither is there any difference between the 
burnt KOla and the unburnt K06a. 

.There is no significant difference between the HCl-soluble 
phosphorus of the swamp types; but it is remarkably high when 
compared with the 0*05 per cent, or less of P 2 O g which is typical 
of the nearby districts of Berwick and Pakenham. Phosphorus 
appears to be concentrated in the surface horizon. A report by 
Teakle (8) on the peat soils and related soils of Western Aus¬ 
tralia, includes many analyses of surface and subsoil HCl-soluble 
phosphorus which almost invariably show the same feature of 
surface concentration. 
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Organic Matter. 

The organic matter was estimated by Tiurin’s rapid approxi¬ 
mate method (using the figure 1 ml. normal oxidizing agent equals 
3*3 mg. carbon) and multiplying carbon by 1-72 to calculate 
organic matter. 

Dalmore clay is consistently high in organic matter. 

Ivoo-wee-rup peaty clay generally has over 15 per cent, 
organic matter but the figures for the badly burnt phase and for 
the transition phases are naturally lower. The range of organic 
contents is a good indication of how much the peaty type varies 
in colour and texture. Both burnt and unburnt samples of 
Koo-wee-rup peaty clay may contain less than 15 per cent, of 
organic matter. Of these, the burnt soils are often reddish-brown 
ash, the depth of colour being mainly determined by organic 
content; the unburnt soils may be sandy, or if not are grey and 
somewhat cloddy. Those soils with over 15 per cent, organic 
matter are generally dark grey and very friable, yet may contain 
enough ash to impart a red tinge. 


Table X.— Organic Content of Surface Soils (Tiurin's Method). 


Soil Type. 

Number 

of 

Samples. 

Mean 

(Per Cent.). 

Distribution of Samples. 

5-9 10-14 
Per Per 

Cent. ; Cent. 

15-19 

Per 

Cent. 

20-24 

Per 

Cent. 

>25 

Per 

Cent. 

Koo-wee-rup Peaty Clay 

15 

15*0 

| 

1 ! 5 

6 

2 

1 

Dalmore Clay .. 

4 

15*5 

2 

2 



Swamp Fringe 

3 

7*7 

3 | .. 





The Swamp fringe type contains less than 10 per cent, organic 
matter; subsoils of all the swamp types contain less than 5 per 
cent, except where raw peat occurs. 

Total nitrogen was determined by Kjeldahl’s method. The 
results given in Tables VII. and VIII. go to show how large 
is the nitrogen reserve of the highly organic swamp types. The 
C/N ratio is quite favourable for the decomposition of organic 
matter and the production of nitrate. Raw peat from Catani 
(containing nearly 45 per cent, organic matter) has a ratio of 
22 : 1 compared with the ration of 15:1 to 20:1 on normal swamp 
soils. 

pH Values. 

The soil reaction was determined by means of the glass electrode 
using two parts by weight of soil to three of water. The figures 
for fifteen unburnt surface samples of swamp types are re- 
markably constant, ranging from 4-8 to 5*4: eleven lie within 
the range of 5*0 to 5-2. Burnt soils have a consistently higher 
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reaction, the average being 5-6. Otherwise there is no signifi¬ 
cantly different reaction between swamp types; nor is there a 
significantly different reaction between surface and subsoil 
horizons. The acidic character of Koo-wee-rup soils is not at all 
abnormal when compared with the usual mineral soils found in 
the neighbouring districts of Berwick and Pakenham. 

Readily Available Phosphorus. 

Readily available phosphorus was extracted from the soil with 
a large excess of 0-002N H 2 S0 4 and estimated by Truog’s 
modification of the Deniges colorimetric method. Truog (10) 
says that, if readily available phosphorus approaches or exceeds 
45 parts per million (p.p.m.), it may be concluded that the soil 
is sufficiently well supplied with phosphorus to produce good 
crops of cereals and legumes although 75 p.p.m. or more is 
desirable for most cash crops. However, if the amount extracted 
falls below 10 p.p.m. it is certain that there is insufficient readily 
available phosphorus in the soil to produce satisfactory crops. 


Table XI.— Readily Available Phosphorus Context of Surface Soils 

(Truoc,' s Method). 





Distribution of Samples 

Soil Type. 

Number 

of 

Mean 

(p.p.m.). 

(Pts/Million). 


Samples. 

0-10. | 11-25. 

2G-45. 


Koo-wee-rup Peaty Clay 

14 

16 

5 ] 8 

1 

Dalmore Clay 

4 

20 

o 

2 

Swamp Fringe 

8 

9 

2 j 1 



Fable XI. shows that on this basis all soils of the district which 
were examined are low in readily available phosphorus. Dalmore 
soils are relatively rich and swamp fringe soils relatively poor. 
Analyses were made of virgin soils from both Dalmore and 
Koo-wee-rup types, and results, viz., 13 and 3 p.p.m. respectively, 
were so low as to suggest that all results in Table XI. essentially 
measure the cumulative effect of applications of phosphatic 
fertilizer. Subsoils contain extremely small amounts of readily 
available phosphorus. 

Exchangeable Cations. 

(1) Calcium , Magnesium , Sodium, Potassium .—The four 
main metallic cations extracted by leaching with normal 
ammonium acetate at pH 7 are recorded in Table XII. 'Their 
relative importance is quite typical of the soils of southern 
Victoria. Calcium and magnesium predominate in the surface 
horizon with magnesium becoming increasingly important in the 
subsoil. Sodium is rather high in one peaty sample, owing to the 
proximity of the sea. The figure for exchangeable potassium 
gives useful information as to the amount of available potassium. 
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The analyses indicate that Koo-wee-rup soils are well supplied 
with available potassium, due no doubt to its constant replenish¬ 
ment from the breakdown of primary minerals. 


Table XII. —Exchangeable Cations (other than Hydrogen) in Soils 
Leached with Ammonium Acetate. 





Exhangeable Cations. 




Soil Type. 

Sample 

Number. 

Depth 

(In.). 

Percentage of 
Total. 

Total in 
Milli. 
Equiv. 
per 

100 gm. 

pH. 

Per¬ 

centage 

Clay; 

Per¬ 

centage 

Organic- 

Matter. 




Ca. 

Mg. 

Na. 

K. 

Ovendrv 
Soil. * 




Dalmore Clay 

K 12a 

0- 9 

49 

36 

2 

13 

37-2 

5*1 

66*9 

14 

K 12b 

9-34 

31 

58 

8 

3 

29-6 

5*3 

82*0 

6 

Koo-wee-nrp Peaty 

K 12c 

34-44 

29 

57 

11 

3 

10-4 

5*4 

33*4 

2 

Clay .. 

K 033a 

0-10 

52 

42 

2 

4 

13-0 

5*1 



K 0f>a 

O- 9 

51 

38 

7 

4 

10*3 

4*9 

46 * 1 

is 


K 00b 

9-17 

35 

53 

10 

2 

10*1 

5*1 

36*6 

5 


K 06c 

17-33 

23 

65 

9 

3 

10*8 

5*0 

41*4 

2 


(2) Hydrogen and its relation to the metallic cations. —Ex¬ 
changeable hydrogen at pH 7 was determined on a representative 
set of samples using the p-nitrophenol method of Schofield (7). 
Total exchange capacity was estimated on the same soils using 
the rapid approximate method of shaking with excess N/20 HC1 
and back-titrating the filtrate to pH 7. Exchangeable calcium 
was estimated directly on this filtrate by precipitation as oxalate 
at pH 4-0. Results are collected in Table XIII. which shows 


Table XIII. —Exchangeable Hydrogen at pH 7 Compared with Calcium 
and Total Exchange Capacity. 


Soil Type. 

Sample 

Number. 

Depth 

(In.). 

E xchangeable it ms 

Milli. Equiv. per 100 gm. 
Ovendry Soil. 

Remarks. 

Total 
Capacity 
at pH 7. 

Ca. 

H. 

Ca/H. 

Dalmore Clay 

K 12a 

0-9 

65 

18 

28 

•64 

Well farmed 

K 13a 

0-8 


11* 

39 

•28 

Virgin land 


K 14a 

0-8 

56* 

12* 

36 

•33 

Well farmed 

Koo-wee-rup Peaty Clay, 

K 06a 

0-9 

54 

8 

40 

•20 

Normal farm 

normal phase 

K 025a 

0-7 

53* 

S* 

42 

•19 

Normal farm 

Koo-wee-rup Peaty Clay, 

K Ola 

0-10 


6* 

13 

14 

•46 

Normal farm 

burnt phase 

K 031a 

0-8 

27* 

9* 

*64 

Limed 

Peaty Loam over Sand 

K 020a 

0-8 

19* 

4* 

15 

•24 

Very sandy, 
sand 65 per 
cent. 

Swamp fringe 

K 21a 

1 0-7 

29* 

7* 

21 

•33 

Normal farm 


* Rapid approximate estimation. 
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that the approximate values agree well with the accurate figures 
of the Table. The consistently low Ca/H ratio is quite in keeping 
with the low pH; in fact the lime theoretically required to bring 
the surface 8 inches to neutrality ranges from 10 tons per acre 
on K06a and Iv025a to 3^ tons on the burnt soils KOI a and 
K031a. The burnt peaty soils always have a lower cation 
exchange capacity and a higher pH than the neighbouring unburnt 
soil. 

Although the pH is low and the exchangeable calcium (except 
on Dalmore types) is only moderate, there is no evidence that 
lime is needed. The healthy growth of red clover on many areas 
gives, in fact, substantial evidence to the contrary. But the 
possibility remains that some of the most acidic soils (those of 
pH 4-8) may be found to respond to lime. This district contains 
only very small patches of such soil, and most of the economic 
plants (maize, oats, potatoes, subterranean clover, white clover, 
and rye grass) are quite tolerant of pH values down to 5*0. 


General Discussion. 

Black swamp soils enjoy great prestige, largely because of the 
impressive luxuriance of natural swamp vegetation and also 
because the dark colour of many mineral soils is associated with 
the idea of fertility. But, although river flats are certainly more 
fertile than the surrounding hills, this observation cannot be 
generalized to include peaty swamps. 

The peaty Koo-wee-rup Swamp shared the prestige of river 
flats. However the properties of peaty soils vary greatly accord¬ 
ing to the source of the organic material. Probably much of the 
opposition to its reclamation came from men who knew the 
poverty of many Irish bog soils. 

The main dividing line is drawn between:—(1) “ Lowmoor ” 
peats which are developed in lakes, and are derived from reeds and 
associated plants, and (2 ) “ Highmoor ” peats which in Europe 
commonly develop on top of lowmoor peat and are usually derived 
from sphagnum moss. The former peats, to which this swamp 
belongs, are far more fertile than the latter, which are not only 
highly acid (pH below 5) but physically undesirable. Koo-wee- 
rup peat, although lowmoor in origin, is rather poorly endowed 
with calcium, and its pH of 5, though not exceptionally acidic, is 
more so than are many other lowmoor peats. Its supply of 
readily available phosphorus is inadequate for intensive agricul¬ 
ture. However this is a common feature among peats, and a 
characteristic of most soils of southern Australia. On the other 
hand, the C: N ratio has the favourable low value expected of 
good lowmoor peats and there is evidently a good production of 
available nitrogen. Plant remains quickly decompose and lose 
their identity in the cultivated zone. Also the reserve of potassium 
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is remarkably large for a peaty soil, a character which is un¬ 
doubtedly due to the felspathic fraction of the sediments derived 
from granite. The Koo-wee-rup peat may well be described as 
“ fair average quality ”, 

The peat has disappeared with striking rapidity. Fibrous peat 
which was often more than 6 feet deep, has after 40 years of 
agriculture, been mostly reduced to 8 inches or so of peaty clay 
or else to a bed of ashes. Less than 10 per cent, of the original 
deep peaty area still contains raw peat. Losses of a similar 
magnitude have occurred over most reclaimed peat lands of the 
world, and have in many cases caused problems of drainage and 
productivity which are far more serious than those of Koo-wee- 
rup. The famous fens of Lincolnshire, in England, which still 
produce prolific crops, are known to have shrunk many feet since 
their reclamation. Investigators (11) have studied in detail the 
subsidence of the widespread peats of the Everglades of Florida 
and of the Sacramento-San Joaquin delta in California. The 
chief causes of subsidence in these areas are :— 

(1) Compaction by implements and animals. 

(2) Shrinkage due to drying. 

(3) Burning. 

(4) Windblowing. 

(5) Oxidation. 

The Californian surveys were carried out for fourteen years 
and showed an average annual subsidence of 2 inches, one half 
of which was due to burning. The experimental area had been 
previously cultivated for twenty years, so that compaction and 
shrinkage were negligible over the period of survey. Windblow¬ 
ing and oxidation therefore account for a loss of 1 inch per 
annum. 

During the first few years after cultivation the virgin Koo-wee- 
rup peat probably lost over half its volume through compaction 
and drying. Also, strong winds have undoubtedly removed a 
considerable amount of dry soil from cultivated paddocks. For 
example, the gale of 13th and 14th December. 19.18, is said to 
have removed almost a foot of soil from certain areas. 

Burning has caused the greatest loss of peat in the Koo-wee- 
rup district. A shallow burn usually shows an immediate profit 
because it liberates plant foods and destroys crop parasites; but 
many fires burnt all the peat leaving a bed of ashes which would 
not grow satisfactory crops. The ill effects appear to be due to 
two factors. Firstly, the ash has a low water-holding capacity 
because the organic colloids are destroyed and much of the clay 
is baked to form coarser aggregates; secondly, there is no source 
of nitrogen in the ash. Fortunately, most of the burnt land 
consists of 8 to 12 inches of ash underlain by a reasonably fertile 
organic clay loam which can be plowed up and mixed with the 
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ash to ameliorate both of these faults. The nitrogen level can 
be further raised by the continued use of clovers. A few small 
patches of land on which the porous ash bed is as much as 2 feet 
thick will always suffer badly from dryness. A shallow ashbed 
is not altogether undesirable. It has a consistently higher pH 
than the unburnt soil, which may be a good thing; it will also 
have a permanently friable texture, whereas the unburnt soil is 
in danger of becoming cloddy. 

Some farmers have, in fact, noticed that continually cultivated 
paddocks of peaty soil have already become quite cloddy. This is 
the result of cultivation accelerating the oxidation of organic 
matter. The normal equilibrium for a well-drained clay under 
pasture in this climate is certainly no more than 10 per cent, 
organic matter but may be as low as 6 per cent, under intensive 
cultivation. It is impossible to estimate how long it will take 
for peaty soils to reach this equilibrium because of their variability 
in depth and present organic content and because of the factor of 
management; besides which, the rate of depletion will decrease 
as equilibrium is approached. 

The dairyman or grazier on Koo-wee-rup peaty clay really has 
nothing to fear from this change, because a denser texture implies 
a greater supply of soil moisture for summer pastures, and oxida¬ 
tion causes no loss of mineral nutrients from the soil; and the 
present generation of cash crop farmers has but little cause for 
pessimism because they can maintain quite a good texture by the 
use of approved pasture rotations ; but the soil may deteriorate 
with unpleasant rapidity under continual cultivation. 

Dalmore soil is inherently richer in exchangeable cations than 
other swamp soils; its pH is the same. Although highly organic 
it has always been a mineral, not a peaty soil. The. Dalmore farmer 
can expect a similar deterioration in texture as organic matter 
is lost, although drainage will always be reasonably good on the 
normal phase owing to the buried stratum of peat. Such 
deterioration would be shown by an increasingly narrow range 
of moisture contents over which the soil can be satisfactorily 
worked. The change will naturally be slow, but the non-peaty 
phase which was originally not so richly endowed with organic 
matter has already presented this difficulty to cultivation. As 
before, pasture rotations slow down the change and prevent the 
ultimate formation of an unworkable soil. 

Relation of Carrying Capacity to Soil Type. 

As in many other dairying districts of fairly generous rainfall, 
carrying capacity depends to a far greater extent on management 
than on soil. There is no evidence of any significant difference 
between the carrying capacity of the swamp soils, other than 
the sandy type ; this requires a very efficient system of improve¬ 
ment and management in order to realize its potential carrying 
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capacity, which appears to be a little less than other swamp types. 
The podzolic soils are, as yet, mostly undeveloped, although 
similar types near Berwick are now carrying stock at the rate 
of one cow to two acres. 

The black land of Dalmore is the only part of the district 
which gives the visitor an impression of prosperity. The general 
impression that conditions are far from prosperous over much 
of the district is borne out by the fact that a large proportion 
of farmers in the district have come under the farmers' debt 
adjustment scheme. This proportion varies with the size of farm, 
rising from 15 per cent, of the farms below 40 acres to a maxi¬ 
mum of 31 per cent, in the group between 91 and 120 acres. 
This maximum among the larger farms is surprising, and may 
well be due to bigger proportional losses in potato-growing. 

Land values have fallen to almost half their peak levels reached 
during the potato boom of the late twenties; nowadays Koo- 
wee-rup soils commonly change hands at about £30 an acre, the 
inherently more fertile Dalmore soils at about £40 an acre. Apart 
from past troubles, it seems reasonable to expect under present 
economic conditions modest prosperity on farms as small as 60 
acres, because the land has a potential carrying capacity of at 
least one cow to two acres. 

Acknowledgments. 

This survey was made possible by an allocation by the Univer¬ 
sity of Melbourne from the C.S.I.R. research grant, and has been 
carried out under the direction of Mr. G. W. Leeper, M.Sc., 
University Lecturer in Agricultural Chemistry. 

The author also wishes to acknowledge the valuable assistance 
from Mr. K. D. Nicolls, B.Agr.Sc., B.Sc., in much of the field 
work; from Dr. E. S. Hills, University Lecturer in Geology, for 
many valuable suggestions on the prehistoric record of the 
Swamp; from Mr. A. Grantley, of the State Rivers and Water 
Supply Commission, in making available his extensive knowledge 
of the surveyed district; and from many others resident in the 
district who have freely given information based on their farming 
experiences. 


References. 

1. Alway, F. J.—Agricultural Value and Reclamation of Minnesota Peat 

Soils, Univ. Minn. Agric. Expt . Station. Bulletin 188, 1920. 

2. Bouyoucos. G. J.. and M. M. McCool. —A Study of the Causes of 

Frost Occurrence in Muck Soils. Soil Science , xiv., pp. 383-9, 1922. 

3. East, L. R.—Swamp Reclamation in Victoria, Jour. Inst, of Engineers, 

Australia, vii., pp. 80-87, 1935. 

4. Holmes, L. C., G. W. Leeper, and K. D. Nicolls. —Soil and Land 

Utilization Survey of the Country around Berwick. Proc. Roy. Soc. 
Vic., ns. lii.(l), pp. 177-238, 1940. 

13044/41.—9 




130 


A. G. Goudie: 


5. Ritchie, E. G.—Report on proposed works for the alleviation oi 

flooding in the Koo-wee-rup district. Parliamentary papers, 1937. 

6. Royal Commission on Water Act of 1928. Third Progress Report, 

1936. 

7. Schofield, R. K.—Rapid methods of examining soils—the use of 

p-nitrophenol for assessing the lime status of soils. J. Agr. Sc., 
xxii., pp. 252-4, 1933. 

8. Teakle, L. J. H., and B. L. Southern. —The Peat Soils and related 

soils of Western Australia, Jour. Dep. Aqric. W. Aust., xiv., pp. 
332-358, 1937. 

9. Trumble, H. C.—The Climatic Control of Agriculture in South Aus¬ 

tralia, Trans. Roy. Sue. S. Aust., lxi., pp. 41-62, 1937. 

10. Truog, E., and L. A. Dean. —Determination of the phosphate and 

potash needs of soil by chemical analysis. Third hiternat. Cong. 
Soil Sci ., I., p. 107, 1935. 

11. Weir, W. W., and B. S. Clayton. —Articles on Subsidence of Peat 

Lands. Trans. 6th Commission, Internat. Soc. Soil Sci., pp. 304 and 
340, Zurich, 1937. 

12 Wood, T. B.—Rations for Livestock. Ministry of Agriculture of Great 
Britain, Bull. 48, p. 32, 1938. 





[Proc. Roy. Soc. Victoria, 54 (N.S.), Pt. I., 1942.] 

Art. VII .—Ecological Studies in Victoria.—Part VI .— 

Salt Marsh. 

By R. T. PATTON, D.Sc. (Melb.), D.I.C. (Lond.), M.F. 
(Harv.), F.R.H.S. 

[Read 10th July, 1941; issued separately 15th April. 1942.] 

Salt Marshes exist at several points along the coast, but at 
Western Port there is a very strong development at the northern 
and north-western portions, with Mangrove on the, seaward side. 
These marshes are not regularly washed by the tide, but only 
occasionally, by exceptionally high seas. During the summer the 
evaporation of water is high and glistening salt may be, seen 
on the landward side. At this period, therefore, the concentration 
of the soil solution is greatest and this is the outstanding factor 
of the environment. The Mangrove, Avicennia officinalis, in 
contrast to the marsh, is right in the tidal water and twice each 
day its breathing roots are exposed to the air. The Mangrove 
marks the limit of the high tides. The junction between the 
Mangrove and the Salt Marsh is sharp, particularly where the 
fall away from the latter is well marked, as at Tooradin pier. 
Where the slope is very gradual the junction is not so well defined. 
This is seen at Pembroke and Hastings. However, in this 
latter case there is not a general mixing of the marsh flora with 
the Mangrove, but chiefly with Salicornia australis. Where the 
transition is gradual, some of the marsh plants are regularly 
covered by the tide, but the depth of water is not great. Although 
there is a transition zone in some cases, the true salt marsh 
community finishes as soon as Mangroves are met with, and in 
these studies the investigation has not been carried into the tidal 
zone. 

On the landward or inner margin of the salt marsh, there is 
very frequently a narrow zone, devoid of shrub growth and often 
quite bare, on which in summer, salt is clearly visible. 1 he bare 
areas of the zone have somewhat the appearance of the clay pans 
of the warmer parts of Australia. In parts, this zone is vegetated 
by Mescmbrianthenium australc , and in others appears to have 
been formerly occupied by this plant. I he reason for its death 
is not known. This zone is never broad and where present it is 
succeeded by the Swamp Ti-tree, Melaleuca eric if alia, association. 
This latter where present marks the landward limit of the salt 
marsh, whether the narrow Mesembrianthemum zone be present 
or not. The Swamp Ti-Tree is essentially a fresh water plant 
although it endures brackish water. At the northern end of 
Western Port the ti-tree formerly extended to the main Gippsland 
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Railway, approximately ten miles away. Along the north-west 
of Western Port the ti-tree occupies only a few feet between 
the marsh and sand hills. These sand hills might be regarded as 
dunes but although abutting on the sea; the flora is not that of 
the coast dunes. They bear instead typical heath vegetation 
dominated hv Manna Gum, Eucalyptus viminalis. 

Physiognomy and Composition. 

The salt marsh is essentially a shrub community since the 
dominant plant Arthrocnemum halocnemoides is woody, amply 
branched and stands some, three feet high. In this shrub the 
ultimate branchlets have a succulent cortex which withers as 
growth proceeds, leaving the woody axis unimpaired for 
conduction and for increase in diameter. These bushes do not 
form a closed canopy and between and beneath them lies the 
main portion of the vegetation. This latter consists of perennials 
which are also mostly succulent, but which more or less die down 
in the late autumn. Before doing so, Salicornia australis assumes 
a very bright reddish colour. Both Suae da maritima and 
Mesembrianthcmum australe also become brightly coloured. The 
lower stratum of vegetation forms a complete or almost complete 
soil cover and the association is therefore a closed one. Salicornia 
australis forms the major portion of the lower stratum partly 
because it is taller than the other constituent species but more 
particularly on account of the profuse branching of its aerial 
shoots, which if they bend over and reach the ground may root. 
Selliera radicans, which does not produce aerial shoots, but only 
runners or shallow rhizomes, may rightly be considered as 
constituting a ground or third stratum; but because it is not 
universally found and its erect leaves are not shaded by the low- 
growing species, it can be united with the other members of the 
second stratum. The effective covering of the soil, thus forming 
a closed community, is due to the rhizomte or runner habit of the 
plants of the second stratum, the peaty soil being interwoven with 
roots and rhizomes. In early winter the small rosettes of Samolus 
repens become very evident and appear to be individual plants. 
This species sends out leafy runners which ultimately root at the 
apices but not along the length, and form new plants. They also 
appear to arise from rhizomes. The rosettes send up one or 
more aerial flowering shoots. 

Composition. 

Although the salt marsh is densely populated with individuals 
the species population is small. A small number of species is a 
characteristic of a pioneer community, as in a fore dune, but there 
is the added fact that the individuals are widely separated. In 
such a community there is some outstanding adverse factor of the 
environment which is reflected in the sparseness of the individuals. 


Ecological Studies in Victoria. 


133 


In the marsh, however, while there is a paucity of species, there is 
also an abundance of individuals which form a complete ground 
cover. This is somewhat the reverse of the usual conditions. 
Usually there is an intimate connection between the numbers of 
individuals present and number of species. This is not always 
the case, however, and an outstanding exception is that of the 
Ti-tree association of the Koo-wee-rup Swamp, where the soil 
is densely covered chiefly by one species. The salt marsh 
association provides another exception in regard to its floral 
composition for, one family, Chenopodiaceae, dominates it both 
structurally and systematically. This family is represented by 
four genera, each with a single species. In addition to the two 
very commonly occurring species, Salic ornia australis and 
Arthrocncmum halocnemoides, there are Atriplcx paludosum and 
Suae da maritima . The genus Atriplcx is represented on the coast 
by another species A. cincrcum, which is perhaps best regarded as 
a strand plant. It has several species in the Mallee. Atriplex 
paludosum occurs only sparsely in the marsh and in four transects 
at widely separated places, this species did not occur in a single 
quadrat. Snaeda maritima is also sparse in the marsh itself but 
it occurs particularly where there is any sand and mostly towards 
the margins. 

A striking feature of the association is the great lack of 
connection between its floral composition and those of the 
adjoining associations. When compared with the equally 
maritime association, the Sand Dune, there is a conspicuous 
difference. The dune flora does reflect the characteristic flora of 
the State since there occur the genera Casuarina, Leptospermum, 
Acacia, Banksia, and Olearia. All of these genera occur in the 
heathlands as well and in other associations, but not one has a 
representative in the marsh. On the other hand, the genera of the 
marsh, even species, are distinctly cosmopolitan. The genera 
Suae da, Salicornia, Statice, Frankenia and Samolus are equally 
at home in European salt marshes as in Victoria. 

The genera Glyceria, Juncus and Atriplex are represented 
both in dry land associations of the State and in the salt marshes 
of Europe. The species Suae da maritima and J uncus maritimus 
are, found both in our own salt marshes and those of Europe. 
The affinity, therefore, of the salt marsh is extra-Australian, 
while the two adjoining associations, Heath and Dune, are 
intensely Australian. 

Along the landward margin of the marsh, occur a number of 
plants which swell the total number of species but which are not 
found, or only sporadically, in the marsh itself. These are listed 
as marginal in the table of species found in the Salt Marsh at 
Western Port (Table 1). 
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Of the families given in Table I. only one, Goodeniaceae, is 
characteristically Australian. This family is also represented on 
the coastal dunes but by a different genus. 

Table I.—Composition of Salt Marsh. 


.1 uncaginaceae 

Tnglochin striata . . 

0. 


T. minutissima 

m. 

Gramineae 

Dintichlis spicata .. 

0. 


Glyncria xtricta 

0. 


Stipa teretifolia 

0. 


Sporobolus virginicus 

m. 


lepturm incurvatm 

0. 

Cyperaceae 

Cladiutn Jilum 

f. 

Juneaceae 

J uncus maritimm 

l.a. 

Uhenopodiaceae .. .. 

Atriplex paludosum 

0. 


Suaeda maritima .. 

0. 


Saliconia amir alls 

v.c. 


Arthrocnemutn halocnemoides 

v.c. 

Amarantaceae 

Henrickroa pentandra 

c. 

Aizoaceae 

Mescmt?rianthemvm amtrale 

c. 

Caryophyllaceae 

Spepjulana rubra .. 

in. 

Malvaceae 

Plagianthus xpicatm 

m. 

Frankeniaceae 

FranJcenia paueijt.ora 

r. 

U mbelliferae 

Apiutn auArale 

v.r. 

ITimulaceae 

Samolm repem 

c. 

Plumbaginaecae 

Stance australis ,. 

o. 

Gentianaceae 

Sebaea albidiflora .. 

m.r. 

Oonvolvulaceae 

Wilsonia hum Uis .. 

r ; la. 


W. BacMoasei 

o ; la. 

Goodeniaceae 

Selliera radieam .. 

c. 

Compositae 

Brachyeome graminea 

m.r. 


c = common; f ^ frequent; l.a. = locally abundant,; m = marginal; o = occasional 
r = rare; v.c. = very common ; v.r. = very rare. 


Only two of the genera have more than one species, while two 
families have more than one genus. It has been pointed out in 
previous papers of this series that one. of the characteristics of an 
association is that the average number of genera per family always 
exceeds the number of species per genus. The values here are 
1-4 and 1-1 respectively. Generic characters are not in general 
related to, or affected by the environment, hence there is 
theoretically, at all events, no barrier to the entry of any particular 
genus. A species on the other hand must be adapted to the 
particular environment or it cannot survive. Quite commonly 
the specific characters are an expression of the physiological 
adaptation to the environment. This, however, is not always the 
case, as is seen in grasses of the Marsh. 

The frequencies of the marsh species, omitting the marginal 
ones, is expressed in Table II., which gives the percentage 
occurrences in 60 quadrats taken across the marsh, from the 
Ti-tree to the Mangrove, at three widely separated places. The 
quadrats were one square yard, distant sixteen feet from one 
another. 

While the percentage frequencies give a measure of the 
occurrence of the species they do not necessarily convey any 
information regarding their distribution. The low frequencies of 
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Species. 


Percentage 

Occurrence. 


Salicornia australis 
A rthrocnemum halocnemoid.es 
Samolus repens 
Hemichroa pentandra .. 
Distichlis spicata 
Settiera radicans 
Triglochin striata 
Wiisonia Backhousei .. 

J uncus maritimus 
ClaMum jilum 
Suaeda maritima 
M esembrianth cmum australe 
Stipa teretifolia 
Statice australis 


87 

70 

63 

63 

28 

25 

18 

15 

12 

10 

5 

5 

3 

2 


both Mesembrianthemum australe and Staticc australis are due to 
different causes. The former is restricted to the landward side 
of the marsh and hence can only occur in quadrats taken on the 
ed^e. This species, therefore, will almost always occur in a 
transect. On the other hand Static, e australis is sporadically 
distributed over the marsh and its low frequency is a measure 
of its sparse distribution. Atriplex paludosum is similarly 
distributed, but it did not occur in any of the quadrats. Both of 
these species occur as isolated plants, while other species, as 
Sclliera radicans, form large colonies, due to their rhizomic habit. 
The high value for Salicornia australis is due to its universal 
distribution. It has a greater amplitude as regards the concentra¬ 
tion of salt than any other species, for it passes from the fairly 
uniform concentration at the Mangrove margin, across the marsh, 
and into the ti-tree community for a short distance. . Mesem - 
briauthemum australe, which commences in the partially baie 
zone, associates with Salicornia australis for a short distance, but 
passes inland, far removed from salt influences, along with the 
ti-tree. 

To the east of Tooradin where the Toomuc and Cardinia 
Creeks enter the bay, the marsh ends on its landw T ard side in 
grassland. Here Arthrocnemum halocnernoides again may be 
regarded as marking the limit of the marsh, but the boundary is 
poorly defined. Mesembrianthemum australe here is much more 
common and extends well into the marsh. 1 his is somewhat 
surprising for here the dominating shrub stratum is better 
developed, taller and closer together, thus casting a greater shade. 
There is beyond the marsh proper, as limited by the shrub 
stratum, a transition zone in which Distichlis spicata, Salicornia 
australis and Mesembrianthemum australe densely intermix and 
form a complete ground cover. 
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Environment. 

It frequently happens that in an association one factor of the 
environment is so pronounced as to dominate all others. In the 
salt marsh the outstanding factor is the highly concentrated soil 
solution, compared with that usually found. Climate has but 
secondary effects. Wind, which is the cause of the moving sand 
in the coastal dunes, here is the force bringing the high seas oyer 
the marsh. Temperature also has a secondary effect in assisting 
evaporation in the summer period and thus concentrating the soil 
solution. As shown in Table III., there is no dearth of water, 
which has been derived, at least partly, from the sea, and rainfall 
therefore does not necessarily contribute to the, needs of the 
plants. The same climatic conditions are being experienced by 
the other maritime associations, and so the differences between 
these plant communities cannot be ascribed to any climatic factor. 
The differences lie wholly in the soil. 1 his is shown in 1 able Ill. 
The soil samples were collected in February during dry weather 
and when the salt was freely showing along the landward margin. 
The first sample was taken at the junction of the Swamp li-tree 
and the Marsh, and the last sample where the Mangrove 
commenced. It will be noticed that, although little rain had fallen 
for some time, the water content of the soil was high, right across 
the marsh. This is in striking contrast to the moisture content 
of other associations under similar climatic conditions at the same 
period of the year. (Patton 4, 5.) The variation in the moisture 
content calculated on the dry weight from 421 per cent, to 92 
per cent, is due chiefly to the high and variable organic content 
of the soil. Since the chief constituent of the mineral soil is clay, 
the combination of clay and organic matter gives a high water 
holding capacity. Added to this, however, is the fact that the 


Table III— Soil Samples from Tooradin Salt Marsh. 


Distance 
in Feet. 

Moisture 
Content 
per cent. 

Loss on 
Ignition 
per cent. 

Gms. of NaCl 
in 100 gms. 

Equivalent 
O.P. in 
Atmos. 

Of Dry 
Soil. 

Of Soil 
Moisture. 

0 

92 

44*3 

4*000 

4*35 

30-8 

38 

329 

70-4 

24-925 

7'58 

53-6 

86 

268 

36*6 

18-100 

6-75 

47-6 

141 

421 

62*5 

22-425 

5-33 

37-7 

197 

170 

27-6 

8*175 

4-81 

33-9 

255 

173 

25*7 

9-450 

5-46 

38-6 

317 

116 

147 

5 575 

4-81 

33-9 

385 

180 

26-0 

6-775 

3*76 

26-6 

428 

102 

10*5 

4-375 

4-29 

30-4 


Remarks. 


Edge of Ti-Tree Mesem- 
briantheraum 

Arthrocncmum and 
SaKeornla 

Salieornia 

Salicornia and Hemi- 
chroa 

Salicornia and Hemi- 
chroa 

Arthroeriemum and 
Samolus 

Salieornia Samolus 
Arthrocnemum Sel- 
liera 

Salicornia and Samolus 

Commencement of Man¬ 
grove 





















Ecological Studies in Victoria. 


137 


area is flat and drainage is bad. In places there may be no, or 
almost no, mineral soil at all, the whole upper part consisting 
of peat. In this series of papers soil is defined as the medium 
in which roots find themselves, no matter what that medium may 
be. The definition is wide, but for ecological purposes it works 
well. 

The chloride content of the soil, ascertained by titration against 
silver nitrate, has been expressed, in this and later tables, as 
sodium chloride. It will be noted that where the ignition loss 
is high, both the water and the salt content, calculated to dry 
weight, are also high. This is merely an expression of the fact 
that the greater the amount of peat, the greater amount of^ salt 
water present. The actual variation of the concentration of the 
soil solution, however, is not wide, as is shown by the amount of 
salt in 100 gms. of soil moisture. In the last column the 
corresponding" osmotic pressures for the concentrations are given. 
In Table IV. are given the results of portion of another traverse 
at an area where the Mesembrianthemum zone on the inner or 
landward margin of the marsh was well developed. This zone 
bears mesembrianthemum in parts while other parts are bare. A 
sample of the soil from the ti-tree community was also collected. 


Table IV. —Analysis of Soil, Salt Marsh, Tooradin. 


Distance 
in Feet. 

Moisture 

Loss on 
Ignition 
per cent. 

Gms. of NaCl 
in 100 gms. 

Equivalent 
O.P. in 
Atmos. 

Remarks. 

Content 
per cent. 

Of Dry 
Soil. 

Of Soil 
Moisture. 

8 

41*29 

25*38 

*824 

1*995 

14*1 

Ti-Tree 

0 

129*79 

53*19 

3*708 

2*857 

20*2 

Edge of Ti-Trce 
f Getting bare 

16 

75*30 

43*09 

6*735 

8*944 

63*2 

\ M esembri an t hemum 

48 

60*78 

41*62 

11*370 

18*707 

132*2 

Quite bare 
f True Marsh 

80 

209*08 

63*00 

15*347 

7*340 

51*9 

Arthrocnemum and 

112 

310*91 

59*51 

19*158 

6*162 

43*6 

^ Salicornia 


The high salt concentration and consequently high osmotic 
pressure of the bare areas is apparently the reason for the absence 
of vegetation. Yet these have been vegetated at least in part, for 
the soil, as the loss on ignition shows, contains a high percentage 
of organic matter and the remains of dead plants, in situ, can be 
seen. Both Tables III. and IV. indicate that the gieatest 
concentration of salt is towards the landward margin, and that 
there is a decrease towards the sea. Within the marsh itself, the 
osmotic pressure of the soil with reference to common salt content 
only, is generally below 50 atmospheres. The concentrations in 
the marsh soil generally agree with the statement of Braun 
Blanquet (1) that in the uppermost layers of the Salicorma 
marshes in the Mediterranean region, the. common salt content 
reaches 8 to 10 per cent, during the summer drought. 
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The marsh proper commences with the appearance of 
Anthrocnemum halocnemoides and from its first occurrence to 
the appearance of the Mangrove, the marsh is always moist and 
the soil contains a high percentage of organic matter. The 
amount of organic matter and clay in the soil is not uniform, the 
differences are largely due to very small differences in the elevation 
of marsh, the lower portions containing more mineral soil while 
the higher may consist of peat only. The peat may de described 
as fibrous, for when dried it distinctly has the appearance of a 
confused mass of threads. When fresh, it is exceedingly difficult 
to separate on account of the mass of long thick walled root hairs 
which ramify through it. How much of the peat horizon is 
living and how much dead it has not been possible to determine. 

Halfway across the marsh, where the peat was well developed 
and where there was a full representation of the commonly 
occurring species, samples of the soil were taken every three inches 
from the surface to water level, which was just below twelve 
inches. In Utah, Harris (2) also found that in marsh areas 
bearing Salic or ma ut alien sis, the water level was close to the 
surface. The top six inches of the marsh at Tooradin were very 
peaty and had, in addition, abundant living rhizomes and roots. 
The loss on ignition, therefore, is not a true indication of dead 
organic content., The living and dead matter almost ceased at 
six inches. There was a sharp line of demarcation between the 
peat and the clay soil below in which there were very few living 
roots. Braun Blanquet (1) remarks that it is easy to remove the 
upper layer of soil with the roots. The striking differences 
between these layers is seen in Table V. On account of the wide 
differences in organic content, the water content of the two upper 
samples was much higher than the two lower, in spite of the 
fact that the lowest was immediately above the water table. 


Table V.—Analysis of Soil Samples taken Vertically in Salt Marsh, 

Tooradin. 


Depth 

Inches. 

Moisture 
Content 
per cent. 

Loss on 
Tgnition 
per cent. 

Gms. of NaCI in 

100 gms. 

Osmotic 
Pressure 
in Atmos. 

Remarks. 

Of Dry 
Soil. 

Of Soil 
Moisture. 

3 

345 

55-2 

20*95 

6*07 

42*90 

'j Fresh roots 

and 







)- rhizomes 


6 

347 

49*1 

21*27 

6*13 

43*30 

J Very peaty 


9 

119 

21*8 

7-60 

6*39 

45*20 

\Few roots 


12 

99-5 

20-4 

6*35 

6*38 

45*10 

jDark clay 



The results in Table V. indicate that despite wide differences 
between organic and water content of the samples, the concentra¬ 
tions of salt per 100 gms. of water are very similar. This means 
that the soil solution is approximately the same vertically through 
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the soil, due no doubt, to the proximity of the ground water. 
The osmotic pressures, corresponding to the common salt 
concentrations, are all below 50 atmos. 

The strength of the soil solution is the outstanding feature of 
the environment and plants, if they are to succeed, must have a 
suction force greater than the osmotic pressure of the soil. A 
series of plants, taken over various portions of the marsh, at the 
same time as the soil samples, gave the suction pressures shown 
in Table VI. The method used for determining the suction 
pressures was by weighing small pieces of tissue before and after 
immersion in solutions of known concentrations. 


Table VI.—Suction Pressures of Salt Marsh Plants. 7'ooradin. 


Species. 

Suction Pressure. 


Atmos. 

Selliera radicans 

51-68 

Uemichroa pentandra 

47-88 

Snaeda maritima 

44*84 

Salicornia australis .. 

43-70 

Mesernbrianthemum a" strode .. 

35*30 


With the exception of the last, the pressures are comparable to 
the osmotic pressures of the soil solutions. Under the conditions 
existing when the samples were taken it would appear that the 
plants were just maintaining themselves. It is surprising to note 
that Mesenibrianthemum australc had a lower value than the other 
species, in spite of the fact that it grows in the zone of greatest 
salt concentration. Although determinations were made on 
material of this species gathered at widely separated points, the 
suction pressures obtained never equalled those of the other 
species. The osmotic pressure of the sap was also very low. 
By Barger’s method it was 34-2. and by the Freezing Point 
Determination, it was 37-0. The sap was extracted from 
material collected at several places. 

It is possible that this plant, with its exceedingly high water 
content, does not depend on root activity for its. water require¬ 
ments during the period of high salt concentration in the soil. 
It continues to grow, even if detached, at the expense of the 
moisture stored in the leaves most remote from the growing 
point. If this be the case the water storage is definitely an 
adaptation which cannot be said of the other succulents. 

During the winter, water lies freely on the marsh, and^ the 
concentration of the salt is greatly lessened, as shown in table 
VII., but the moisture content does not greatly vary. In some 
cases the results are actually lower than in 1 able III. The 
samples were collected in June after rain had fallen. 
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Table VII. —Analysis of Salt Marsh Soil in Winter. 


Distance 
in Feet. 

Moisture 
Content 
per cent. 

6ms. of NaCl in 

100 Gms. 

Equivalent 
O.P. in Atmos. 

Remarks. 

Of Dry 

Soil. 

Of Soil 
Moisture. 

0 

129 

•226 

•175 

1-24 



38 

374 

9-888 

2-644 

18-69 



86 

218 

4*340 

1-991 

14-07 



141 

464 

8*035 

1-732 

12*24 


>Same as in 

197 

167 

2-821 

1-689 

11-94 


Table HI. 

255 

183 

3-255 

1-779 

12-57 



317 

104 

1-401 

1-347 

9-52 



385 

168 

2-266 

1-349 

9-53 




Braun Blanquet (1) states that in the Mediterranean areas after 
the autumn rain the salt may he almost completely leached out. 
and he quotes 0-15 per cent. It is doubtful if such a low figure 
would be reached on the Western Port Marshes. Even in the 
summer the water level is close to the surface and this must 
influence the salt concentration. In winter, when the seas are 
carried over the marsh, a fairly high concentration would be 
maintained. 

Anatomy and Physiology. 

Of the four ^commonly occurring species in the marsh shown 
in Table II. all are succulent, with the possible exception of 
Samolus repens, whose general appearance is markedly different 
from the others. Its thin stems and small coriaceous leaves are 
characteristic of xerophytic plants. Succulence is achieved by 
modifications of different plant organs. In some, as already 
mentioned, it is the cortex which is the organ of water storage, 
while in others, as Mescmbnanthemum australc, the leaves are 
modified for that purpose. Succulents are the true possessors 
of the marsh, but the fact that non-succulents as Distichlis spicata 
are present is evidence that succulence is not a necessary 
modification. As, however, the succulents' form by far the great 
majority of the population only these have been studied. The 
percentage of moisture present in the succulents is given in Table 
VIII. The moisture content is calculated to the oven-dry weight. 


Table VIII. —Moisture Content of Species in Salt Marsh. 


Species. 

Moisture Content per cent. 

Mesenibrianthemum australe .. 

1,202 

Suaeda maritima 

811 

Salicornia australis 

642 

Selliera radicans 

610 

Hemichroa pentandra 

615 

Arthrocnemum halocnemoides 

495 

Samolus repens 

358 
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From the succulents, the sap can he readily extracted by 
pressure, and in Table IX. are given the chloride contents, 
expressed as common salt, of the saps of several species. The 
saps were obtained in quantity from material collected at several 
places, so that they represent average samples. The suction 
pressures, given in Table VII., are dependent on the concentration 
of the cell solution, and in the marsh plants sodium chloride plays 
a most important part. The concentration of salt in the cell, 
while greater than that of sea water (3), is not as great as in 
the soil solution. The saps of the first and fourth were obtained 
at the same time as the soil samples given in Table III. The 
remainder were collected after rain had fallen, and therefore it 
is possible that the cell solutions are more dilute than when 
conditions were drier. In addition to the salt content of the 
cell saps (Table IX.), the salt content of the water in the marsh 
creek is also shown. This was collected at the same time as the 
soil samples of Table III. 


Table IX.—Sodium Chloride Content of Salt Marsh Saps and 

Salt Waters. 



Tn One Litre of Sap. 


Species. 



O.P. of NaCl. 

Gms. of Cl 2 . 

Gms. of NaOl. 

in Atmos. 


Salicornia australis 

39*30 

64*76 

42*18 

Arthrocnemum halocnemoides 

35*80 

59*00 

38*38 

Suaeda maritima 

26*90 

44*33 

28*80 

Mesembrianthemum au strain 

25*30 

41*69 

27*09 

Selliera radicans 

21*20 

34*93 

22*69 

Creek Water 

26*4 

43*51 

28*27 

Sea Water 

19*32 

31*84 

20*67 


The sea water given (3) is taken from the ocean, where the 
concentration is said to vary but slightly. Along the marsh 
the concentration varied widely, being stronger than the ocean 
water near the marsh, and much more dilute if flood water is 
coming down the drainage channels. Salicornia australis, which 
had the highest chloride content, 39*30 gms. per litre of sap. was 
found by Barger’s method to have an osmotic pressure of 47 T 
atmospheres, by Freezing Point determination 47*5 atmos., and by 
density, assuming the sap to be a pure solution of common salt, 
45*5 atmos. In Utah, Harris (2) found that in a sample of 
Salicornia utahensis which had an osmotic pressure of 43*9 atmos., 
there was a chloride content of 37-1 gms. per litre, but the highest 
pressure, 51*9 atmos., was associated with a low content of only 
25*7 gms. of chloride. 

As an abundance of sap was available, the opportunity was 
taken of comparing the rate of loss by evaporation from the 
expressed sap and from the plants themselves. The leaves of 
all the succulents have surprisingly thin cuticles when compared 
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with those of the plants of other maritime associations, the Sand 
Dune (Patton (5)) and the Mangrove. All these associations are 
subject to the same climatic conditions. The cuticle of Samolus 
repens is very much thicker than those of the succulents, a 
character in keeping with the general appearance of this plant. 
In Table X. are given the thicknesses of the cuticle in microns, 
together with the number of stomata per sq. mm. 


Table X.—Thickness of Cuticle and Number of Stomata in Salt 

Marsh Plants. 


Species. 

Thickness 
in Microns. 

Stomata 
per sq. mm. 

Salicornia australis 



4-4 

55 

Arthrocncmimi halocnemoides 



5-1 

63 

SmmiUr maritima 



5*3 

32 

MesembriantheTrLum australe 



5-1 

33 

Selliera radicans 


f UpperS 

5-7 

55 



\ Lower J 


53 

Samolus repens 


/Upper \ 

9-0 

62 



\ Lower / 


59 


The plants given in Table X. may be grouped into three classes, 
the first two are leafless, the stomata being on the cladodes, the 
next two have cylindrical leaves with stomata all round and the 
last two are flattened, but have stomata on both faces. As the 
leaves of Meseinbnanthemmn australe had the highest water 
content, and also a very thin cuticle, it was suitable for 
experiments on water loss. Its osmotic pressure was close to that 
of a molar solution of common salt, although its chloride content 
(Table IX.) was appreciably lower. Experiments with single 
leaves, which had their bases sealed with a mixture of paraffin 
wax and vaseline, showed that the ratio of loss per unit area, 
compared with that from a free surface of water, was 1 : 12*3. 
When the leaves showed signs of shrivelling the water loss was 
rapid. Also leaves which were pigmented lost moisture more 
rapidly than those which were a normal green. Similar results 
were noted with other pigmented plants. The increased loss is 
probably due to the fact that the leaves are gradually dying. 

As the transpiration from single leaves may be affected by the 
injury in breaking them off, a large healthy branch was used for 
comparison with the water loss from three similar containers, 
one with water, the second with mesembrianthemum sap, and the 
third with a molar solution of common salt. The branch had 
nineteen leaves, having an area of 88 sq. cms. All the experi¬ 
mental material was placed in a constant temperature room, the 
average temperature being 70 degrees F. The ratios of water 
loss from unit area are given in Table XI. 
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Table XI. —Comparison of Water Loss. 


Material. 

Ratio of Water Loss. 

Water 

23 

Mesembrianthemum sap 

20 

Salt Solution l.N 

19 

Mesembrianthemum plant 

1 


It will be seen that the loss of moisture from the expressed sap 
does not differ greatly from the loss from pure water, but 
differs very greatly from that of the plant itself. The plant 
continued to grow for several weeks, the leaves at the base 
shrivelling in order of age. Experiments with shoots of Suaeda 
mariiima gave similar results to those of Table XI., which show 
that the high salt concentration of the sap is not a protection 
against water loss. It may be noted here that the amount of 
evaporation varies considerably according to the type of container 
used, even though they be placed near one another, and the 
solutions are all at the same depth from the rim. 

Discussion. 

The question whether a halophyte is a xerophyte or not is raised 
by the habitat in which these plants occur. Since the moisture 
content of the soil is high and the reservoir beneath is close to 
the surface, there does not appear to be any necessity for the 
plant to store water. It is quite possible, as stated by 
Schimper (6), that the high concentration of the soil solution may 
make it physiologically dry, which seems to be the case with 
Mesembnan them inn australe. The storage of water in this plant 
appears to be a provision against lack of supply when the soil 
concentration is high. Its own moderately low concentration, 
lower than that of the soil, and its ability to grow without an 
external water supply, both suggest xerophytism; but any 
protection against excessive transpiration is not shown save, 
perhaps, by the low number of stomata per unit area. In the 
marsh proper, the plants can in no way be considered xerophytes. 
The soil is always moist and the high concentration of the soil 
solution is offset by the high concentration of the cell sap. It may 
therefore be assumed that the plants do not suffer any disadvantage 
as regards water requirements. That the strength of the soil 
solution is not an adverse factor may be deduced from the 
lateness of flowering of the marsh plants, which occurs when the 
salt concentration in the soil is at or near its maximum. Generally, 
in Southern Victoria, October is the month of greatest floral 
activity, but in the marsh the maximum occurs between November 
and February, while Statice australis is not in full flower until 
April. The small number of species and their apparent lack of 
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regularity of flowering makes it impossible to determine exactly 
the period of greatest floral activity. Even if it be assumed that 
the succulents utilize their storage of water for growth, flowering 
and seed production, no such explanation can be given for the 
non-succulents, particularly Statice australis, which is vegetatively 
active in the period of greatest salt concentration and flowers later. 
Although the great majority of the individuals are succulents, 
the presence of plants with a normal morphology, as the grasses, 
shows that succulence is not a prerequisite for existing in a Salt 
Marsh. I desire to thank Dr. Heyman, Chemistry Department, 
University of Melbourne, for the Freezing Point Determinations. 
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Art. VIII .—Studies on Soil Conditions in Relation to Root-rot 

of Cereals . 
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Plants. 

Effects of re-inoculation of Sterilized Soil with Soil Inhabiting 
Organisms. 
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Root-rot Disease, 

Greenhouse Experiments 1939-40. 

Field Experiments 1938-40. 

Discussion, 

Summary. 

In Victoria, the effect of mineral nutrition on the severity of 
eelwortn (Hetcrodera schachtii and Pratylenchus pratcnsis) and 
root-rot disease of cereals was first studied in 1936. Small 
applications of zinc sulphate to Wimmera Black fallow soil were 
found to promote a marked increase in growth and yield of wheat 
and oats, while the severity of the above diseases was reduced 
(Millikan 1938). Subsequent investigations have been directed 
at determining the effects of other minerals on the growth of 
cereals grown in Wimmera soil, and the nature of some of the 
factors concerned in promoting the responsiveness of the plants 
to applications of such minerals. The significance of these factors 
in relation to the apparent severity of root-rot disease has also 
been studied. The results of this work are set out hereunder. 

Nutritional Studies with Root-rot Fungi. 

While Steinberg (1938), Blank (1939. 1941), Foster (1939) 
and numerous other workers have shown that the need for minute 
quantities of various heavy metals is a phenomenon widespread 
amongst fungi generally, there is at present little information* 
available regarding the heavy metal requirements of specific cereal 
root-rot fungi. 

Experiments have therefore been conducted to determine 
whether certain elements which are known to be essential 
for the growth of higher plants are also essential for the normal 
development of some of the more common root-rot fungi 
occurring in Wimmera soil. 


146 


C. R, Millikan: 


M ethod. 

Numerous preliminary experiments using Helminthosporium 
sativum and Fusarium culmorum were made to evolve a 
satisfactory synthetic nutrient solution which would encourage 
the normal growth of these fungi. Various solutions were tried 
including that used by Steinberg (1936) for Aspergillus niger . 

Some of the solutions, those containing ammonium nitrogen in 
particular, did not encourage normal sporulation and pigmentation. 
Starch and calcium chloride improved the growth of the fungi, 
notably in the case of F. cuhnorum . In this regard. Young and 
Bennett (1922) have reported that calcium stimulated the growth 
of a number of parasitic fungi grown in synthetic culture media, 
while Rogers (1938) obtained an appreciable increase in the 
growth of Phyniatotrichmn omnivorum by the addition of starch 
to the media. 

The addition of amino nitrogen and vitamins to the solution 
also stimulated growth in some instances. (Table 1.) 

As regards the heavy metals, several experiments were 
conducted to determine suitable concentrations. The following 
summarises the principal results obtained:— 

A concentration of five parts per million of copper was found 
to depress the growth of H. sativum and C. ramosa, although 
F. culmormn appeared to tolerate this amount. On the other 
hand, all fungi appeared to tolerate concentrations of five parts 
per million of either zinc or iron. Two parts per million of 
molybdenum, cobalt, boron, or nickel depressed the growth of all 
the above fungi. 

The composition of the final solution adopted was as follows:— 


Di-potassium hydrogen phosphate . . 


1.0 grams 

per litre 

Magnesium sulphate 


0.5 

Potassium chloride 


0.5 „ 


Sodium nitrate 


2.0 


Sucrose 


30.0 


Starch 


10.0 


Calcium chloride 


0.5 


Asparagine 


0.5 „ 


Clycine 


0.2 „ 

;> »> 

Thiamin (Vitamin B 1 ) 


5 parts per 

million 

1-ascorbic acid (Vitamin C) 


5 ,, 

” 

Nicotinic acid 


5 ,, ,, 


Iron (as FeS0 4 . 7H a O) 


i 

’’ 

Zinc (as ZnS0 4 . 7H 2 0) 


i „ „ 


Manganese (as MnSOt- 7H s O) . . 


0.5 „ 

«> 

Copper (as CuSO.i. 5HVO) 


o.i „ „ 


Double distilled water .. 


1,000 ml. 



Amino nitrogen was omitted for studies with Hehninthosporium 
sativum and vitamins for studies with Fusarium culmonnu (see 
Table 1). Pure synthetic vitamins were used. These were 
added to the solution after the purification process described 
below to prevent dissociation by heat. 

The double distilled water was produced by a Pyrex glass still, 
and all chemicals were of analytical quality. Before the addition 
of the heavy metals and vitamins, the solutions were purified by 
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autoclaving with 15 grams of calcium carbonate per litre at one 
atmosphere pressure for twenty minutes and then filtering 
(Steinberg 1935). After this treatment the heavy metal 
contamination of the solution was tested by the dithizone method 
described by Stout and Arnoti (1939). 

The results of each of these tests showed that the total contents 
in each of the solutions of all the metals which react with dithizone 
was less than 0-02 parts per million. 

The solutions were then distributed to pyrex glass erlenmeyer 
flasks of 200 c.cs. capacity and the. heavy metals in solution were 
added by means of a pipette. All glassware was cleaned with 
1 : 1 hydrochloric acid and rinsed in double distilled water before 
use. After sterilization, 5 c.cs. of a suspension of spores of the 
appropriate fungus was added to each flask, bringing the final 
volume of the solution per flask to 50 c.cs. The cultures were 
then incubated at 25°C. for fourteen days. 

After incubation the cultures were filtered, and the mycelial 
mat was washed with hot water, dried in an oven at 103°C. for 
three hours and then weighed. Each treatment was replicated 
three times. 


Results, 

The comparative effects of amino nitrogen and vitamins on the 
growth of F. culmorum, H. sativum and C. ramosa are shown in 
Table 1. 


Table 1._Effects of Amino Nitrogen and Vitamins on Growth of 

Cereal Root-rot Fungi in Nutrient Solutions Incubated at 25° C. 
for Ten Days. 


1 

Fusarium 

H ehnint hospori u m 

Curvularia 


culmorum. 

sativum. 

ramosa. 

— 

Dry j 
Weight 
of Fungus 
in Drams. 

Per cent 
of Base 
Medium. 

Dry 
Weight 
of Fungus 
in Grams. 

Per cent 
of Base 
Medium. 

Dry 
Weight 
of Fungus 
in Grams. 

Per cent 
of Base 
Medium. 

Base medium 

0-300 

100 

0-388 

100 

0-531 

100 

Base medium 4- amino nitro¬ 
gen'" 

O’ 553 

151 

O' 352 

91 

0-004 

125 

Base medium 4- vitamins .> 
p.p.m.t •• 

0’324 

89 

0-489 

120 

0-529 

100 

Base medium {- amnio nitro¬ 
gen vitamins 1 p.p.m. . . 

0’492 

134 

0-309 

95 

0-635 

120 

Base medium 4 - amino nitro¬ 
gen vitamins 0 p.p.m. .. 

0’449 

123 

0-382 

99 

0-606 

114 

Base medium 4- amino nitro¬ 
gen 4- vitamins 20 p.p.m. 

0*520 

142 

0-302 

93 

0-655 

123 

Difference for significance 

0-070 

19-1 

0-043 

111 

0-055 

10-4 


* Asparagine 0‘5 grams and glycine O’2 grams per litre, 
f Thiamin (Bj) l-ascorhic acid (C), and nicotinic acid. 
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Although the general results of these experiments were in 
accord with those shown in Table 1, some variation in degree 
occurred, due probably to the use of different strains of the fungi. 
It is known that the physiology of such strains may vary. For 
instance, Pervitkhina (1938) found that several different strains 
of species of Fusarium on wheat differed widely in the. amount 
of amino nitrogen accumulated by them. Such differences were 
correlated with differences in their pathogenicity to wheat. 

While amino nitrogen stimulated the growth of F. culmorum 
and C. ramosa, it induced marked sectoring and usually a 
depression of the yield of H. sativum. While variants frequently 
occur in Helmlnthospormm Spp. (Christensen and Davies 
(1937)), their production in this instance by amino nitrogen, or 
in the case of other fungi by nitrite (Steinberg and Thom 1940) 
seems to offer a clue to their origin. The latter workers 
considered that the nitrite may have destroyed free amino acid 
groups in the hereditary mechanism. 

Ihe, addition of vitamins markedly increased the yield of 
H. sativum , and in some instances, slightly increased that of 
C. ramosa. On the other hand, the growth of F. culmorum was 
depressed. There is probably some relation between this result 
and the fact that on ordinary potato dextrose agar, H. sativum 
usually makes much slower growth than either F. culmorum or 
C. ramosa. It is known that some fungi, at least, are capable of 
producing vitamins B 2 and C (Lewis 1938, Scheunert et al 1939, 
Robbins 1939), so that it seems probable, that the degree to which 
a fungus responds to the addition of vitamins to the media will 
be dependent on its inherent capacity to produce them itself. 

White (1941) has demonstrated that the vegetative development 
ot Ophiobolus graminis is dependent on the supply of biotin 
(Vitamin H) then thiamin (Vitamin Bi) and then a nutritional 
factor present in wheat straw, wheat roots, peptone and asparagine. 

As regards the effects of heavy metal deficiencies, twelve 
separate experiments were sown as it was found that, even though 
the dithizone test indicated a low concentration of heavy metals 
in the purified solutions, there was in many cases sufficient of 
either of one of the heavy metals to support moderate growth. 
The particular contaminants were not consistent in each solution. 

The results from typical experiments are given in Table 2, and 
the lowest percentage yield obtained from each deficiency 
treatments in all experiments with each fungus are set out in 
Table 3. 
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Table 2.—Results of Typical Experiment Showing the Effects of 
Deficiencies of Heavy Metals on the Development of Root-rot 
Fungi Grown in Nutrient Solutions at 25° C. for 14 Days. 


Treatment. 

Fusarium 

culmorum. 

Helminthosporium 

sativum. 

Curvularia 

ramosa. 

Dry 
Weight 
of Fungus 
in Grains. 

Percent¬ 
age of 
Complete 
Solution. 

Dry 
Weight 
of Fungus 
in Grams. 

Percent¬ 
age of 
Complete 
Solution. 

Dry 
Weight 
of Fungus 
in Grama. 

Percent¬ 
age of 
Complete 
Solution. 

Complete solution .. 

0-017 

100 

0*500 

100 

0*670 

100 

Manganese deficiency 

0 - 450 

73 

0-410 

82 

0*435 

65 

Copper deficiency .. 

0-400 

05 

0*400 

80 

0-600 

90 

Zinc deficiency 

0*327 

53 

0 * 308 

74 

0-403 

60 

Iron deficiency 

O'377 

61 

0*470 

94 

0-335 

50 

Difference for Significance 

0 034 

5-5 

0*062 

124 

0 053 

7‘9 


These results indicate that the elements manganese, copper, 
zinc and iron are each essential to the normal development of 
some of the common root-rot fungi occurring in Wimmera black 
soil. In the case of Phymato trie hum omnivorum Blank (1941) 
has demonstrated the existence of important interactions between 
the elements, particularly for the combinations iron and zinc, and 
manganese and zinc. 

Table 3.—Lowest Percentage Yields Obtained for Each Heavy Metal 
Deficiency Treatment in all Experiments. 


Treatment. 

Fusarium 

culmorum. 

Per cent. 

Helminthosporium 

sativum. 

Per cent. 

Curvularia 

ramosa. 

Per cent. 

Complete solution 

100 

100 

100 

Manganese deficiency 

73 

70 

60 

Copper deficiency 

64 

80 

87 

Zinc deficiency 

21 

48 

60 

Iron deficiency 

24 

19 

50 


Certain features characteristic of deficiencies of these elements 
were observed. These may be summarised as follows:— 

Zinc and Iron Deficiencies :—These treatments led to a very 
reduced aerial growth, although subsurface growth often occurred. 
Waksman and Foster (1938) have similarly reported that only 
a sparse aerial mycelium was formed in their cultures of Rhizopus 
nigricans, which were devoid of iron or zinc, the addition of 
which profusely stimulated both vegetative development and 
sporulation. 

Manganese Deficiency :—The effects of this treatment were 
very characteristic, particularly on H. sativum and C. ramosa. In 
the early stages growth was very reduced and typical small round 
colonies occurred either on the surface of the solution or on the 
bottom of the flask. 
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Copper Deficiency :—Even though surface growth was often 
not reduced appreciably, pigmentation during the first few days 
was practically absent in F. culmorum , while, in H. sativum and 
C. ramosa a pale yellowish-brown to light-greyish colouration was 
induced. This change in colour is similar to that induced in the 
spores of Aspergillus nig or by copper deficiency (Steinberg 1935, 
Mulder 1938b). After approximately ten days, however, the 
pigmentation of the cultures gradually deepened until it was 
practically normal. 

Discussion. 

The experiments have shown that the elements, manganese, 
copper, iron and zinc, which are known to be essential for the 
growth of higher plants, are also essential for the, normal growth 
of F. culmorum, H. sativum and C. ramosa. The results of other 
workers cited earlier have similarly demonstrated that the need 
for heavy metals for normal growth is a phenomenon manifested 
by a wide variety of fungi. 

Starkey (1938) has found that there can be no doubt that fungi 
develop vegetatively in the soil in the absence of appreciable 
amounts of readily decomposed organic matter. Fungus hyphae 
were found to be abundant even in fallow soil, Garrett (1939) 
in his review of the literature concluded that certain fungi 
pathogenic to plants, notably the wilt producing Fusaria, are also 
capable of living as saprophytes on the organic matter in the soil. 
Further Sadasivan (1939) has shown that F. culmorum plays an 
important part in the early decomposition of normal wheat straw 
buried in the soil. Krom their widespread distribution and 
persistence in the soil and their ready growth on artificial media, 
it is evident that other root-rot fungi such as H. sativum and 
C. ramosa are also capable of living as saprophytes in the soil. 
In this regard, Sandford (1933) has stated that soil borne 
pathogens such as Ophiobolus graminis and H. sativum can utilize 
soil nutrients for their own vital processes, but what nutrients 
were essential was not known. 

These results therefore indicate that the accumulation in the 
soil of a large population of root-rot and other saprophytic fungi 
may effect the growth of the, plant indirectly, by competing with 
the roots of the plant for the soil minerals which are essential 
to the normal development of both the soil fungi and the plant. 

Further investigations relevant to this conclusion are described 
later in this paper. 

Influence of the Soil Flora on the Availability of 

Soil Minerals. 

It has been shown (Starkey 1931, Clark 1940, Lochhead 1940, 
Timonin 1940a) that the presence of plant roots may exercise 
a profound effect on the soil microflora. Compared with the 
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population in soil distant from the roots, very large accumulations 
of bacteria and actinomycetes, and to a lesser extent of fungi 
occur in the rhizosphere. 

West and Lochhead (1940) found that these accumulations 
were associated with the excretion by the roots of stimulative 
substances such as thiamin, biotin, and amino-nitrogen. Further 
work by Lochhead et al (1940) and Timonin (1940b) has 
indicated that the rhizosphere of plants susceptible to soil-borne 
pathogens harboured larger numbers of fungi and bacteria than 
those of resistant plants. These results suggested the existence 
of inherent differences between resistant and susceptible varieties, 
resulting in a more pronounced “ rhizosphere effect ” in the case 
of susceptible plants. 

Such large populations of micro-organisms would require a 
greatly increased share of the mineral nutrients in the soil. It is 
probable that plant roots are unable to compete with the 
micro-organisms for the soil minerals on an equal basis. In soils, 
therefore, where a limited available supply of any mineral existed, 
a deficiency of that mineral in the plant may develop, as a result 
of the competition of the soil flora, with a consequent injurious 
effect on growth. It may well be that some of the symptoms 
associated with soil-borne diseases may be due, in some instances 
at least, as much to physiological disturbances in the plant arising 
from this and other causes as to the actual parasitism of the 
organisms concerned. 

The possibility of saprophytic soil fungi and bacteria rendering 
the soil minerals unavailable to the higher plants has been 
recognized only comparatively recently. “ Grey Speck ” disease 
of oats induced by manganese deficiency (Leeper and Swaby 
1940), “Reclamation disease” of oats induced by copper 
deficiency (Mulder 1938a), and “ Little Leaf 5 or “Rosette ’ 
disease of fruit trees in America induced bv zinc deficiency (Ark 
1937, Chandler 1937, Hoagland et al 1937) have been shown to 
be related to the activities of manganese, copper or zinc fixing 
soil micro-organisms respectively. It. was found that soils in 
which “ little leaf ” and related diseases occur can supply an 
adequate amount of zinc to the plant after they _ have been 
sterilized, thus curing the “little leaf ” condition. Piper (1938) 
has also demonstrated that “ reclamation disease ” of oats in 
certain areas in South Australia is associated with the lack of 
available copper in the soil rather than with the total amount 
present. The availability of the copper to the plant was increased 
by partial sterilization of the soil, and the plants grown in the 
autoclaved soil developed normally without any signs of the 
disease (Waite Institute 1939). In regard to the Robe district 
in South Australia, it is of interest to note that Riceman and 
Anderson (1941) have reported that, in the presence of applied 
copper, the addition of zinc sulphate increased the grain yield 
of oats. Manganese deficiency may be cured by sterilization with 
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formalin (Gerretson 1935) or by waterlogging the soil (Leeper 
1940). In the latter case lack of aeration would considerably 
curtail the activities of manganese-fixing organisms. Waksman 
( 1931) has discussed the effect of heat in increasing the solubility 
of soil minerals. 

It is recognized that the availability of soil minerals may be 
affiected by factors other than the biological status of the soil. 
Hibbard (1936, 1940 (&)) states that physical, chemical and 
biological conditions in soil, the nature of the plant and need 
for specific nutrients, &c., all effect the availability of soil 
nutrients. Fixation of minerals in the soil may be brought about 
by anion exchange, molecular adsorption and chemical precipita¬ 
tion. Cation adsorption by bacteria has been demonstrated by 
McCalla (1940). 

It is well established that changes in the soil reaction can 
appreciably effect the availability of soil minerals (Aleshin and 
Igritskaia (1938), Chapman et al (1939), Eaton and Wilcox 
(1939), Hibbard (1940a), Leeper (1935), McGeorge (1939), 
Midgley and Dunklee (1940) and others). It must be 
remembered, however, that while a change in the soil reaction 
may effect the availability of minerals, it may concomitantly have 
and appreciable effect on the biological status of the soil. It is 
considered that the correlation between these two changes has 
not been satisfactorily investigated. Leeper (1940) has reported 
that manganese deficiency disease of oats may be cured either 
by acidification of the soil below pH 6*5 or by alkalinization with 
caustic soda raising the pH over 8*5. Waksman (1931) has 
shown that the optimum reaction for most soil organisms is 
either around neutral or slightly alkaline, and that bacteria, and 
to a lesser degree, fungi are limited by increasing acidity. 
Similarly bacteria, fungi and protozoa are susceptible to increasing 
alkalinity and most forms are inhibited above pH 9*5. However, 
few crop plants will grow below pH 3*5 or above pH 9*0. 

It may well be that the deleterious effects which sometimes 
accompany the liming of acid soils may be due in a large degree 
to the establishment of a more favourable biological environment 
leading to an increase in the population of soil micro-organisms 
and a consequent increased demand for the available soil nutrients. 

Further reference to the effects of the soil micro-organisms on 
the availability of the soil minerals is made in the final discussion 
of the data presented in this paper. 

Effects of Soil Sterilization on Mineral Composition of 

Wheat Plants. 

Analyses of wheat plants grown in the Wimmera on black 
ground (Millikan 1940) have shown that even plants receiving 
no zinc sulphate have a relatively high zinc content. This 
indicates that the responsiveness of plants grown in Wimmera 
black soil to applications of zinc sulphate is not related to a complete 
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lack of zinc in the rhizosphere, but rather to a slightly insufficient 
supply in an available form. This insufficiency was made good 
by treating the plants with zinc sulphate, and the small increase 
in the zinc concentration which resulted from this treatment was 
accompanied by a marked improvement in the general growth of 
the plants. 

If, as suggested above, the deficiency of zinc available to the 
plant in the soil be due to competition between the plant and the 
soil flora for the soil zinc, it should also be possible to make up 
this insufficiency by sterilizing the soil to eliminate this competition, 
providing an adequate total amount of zinc existed in the soil. 

Experiments have been conducted at the Plant Research 
Laboratory, Burnley, during the three seasons 1938-40 inclusive, 
to determine, in the first instance, whether the availability to the 
plant of the zinc and other minerals in Wimmera black and red 
soils was affected by soil sterilization. 

M ethod. 

In 1938 and 1939 the comparative effects of the application 
of zinc sulphate in conjunction with superphosphate to sterilized 
and unsterilized Wimmera black fallow soil from Nhill and 
Salisbury were studied. 

In the first (1938) season metal containers six inches in 
diameter and six inches deep were used to hold the soil. The 
inside of each container was coated with a thin layer of high 
grade paraffin wax before use and the superphosphate and zinc 
sulphate were mixed with the top two inches of soil only. The 
treatments studied in both unsterilized and sterilized soil were:— 
Superphosphate 1^ cwt. per acre, and Superphosphate 1^ cwt. 
Zinc sulphate 30 lb. per acre, respectively. The soils were 
sterilized by autoclaving at two atmospheres pressure for two 
hours. The soils were air dry at the time of sterilization. Seven 
plants of Free Gallipoli wheat were grown to maturity in each 
pot, w r hile the moisture content of the soil was kept constant 
during the experiment at 50 per cent, of its waterholding capacity 
by the addition of distilled water every second day. Each 
treatment was replicated four times. 

During 1939 Nhill black fallow soil only was used in paraffined 
wooden boxes two feet square by six inches deep. The treatments 
studied were the same as in the previous year. The zinc sulphate 
and/or superphosphate were mixed with the top two inches of 
soil in eacli box. Free Gallipoli wheat was again used, the grains 
being spaced one inch apart each way. One composite sample of 
plants was taken at four, six and nine weeks after germination 
from the three replicates of each treatment, and were submitted 
to the Agricultural Research Chemist for ash analyses. 

A study of the comparative effects of soil sterilization, of Nhill 
black and red fallow soils respectively, on the mineral composition 
of wheat plants subsequently grown therein was made in 1940. 
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Paraffined wooden boxes were again used, but were two inches 
deeper than those, used in the previous season. No superphosphate 
or zinc sulphate was applied to the soils, and the sterilization 
treatment of air dry soil was at \ atmosphere for f hour, 
immediately prior to sowing. Each treatment was replicated 
three, times. Composite samples of plants from the three 
replicates of each treatment were obtained at four and eight weeks 
after germination and were submitted to the Agricultural Research 
Chemist for ash analyses. 

In the field at Nhill, wheat plots were sown without fertilizers 
on the same red and black fallow areas respectively from which 
the soils for the 1940 experiments at Burnley were obtained. 
Ash analyses were made by the Agricultural Research Chemist 
on plant samples obtained from these plots at six weeks after 
germination to determine whether the mineral compositions of the 
plants grown under field conditions differed to any marked degree 
from those of the plants grown in the same soils at Burnley. 


Results. 

1938. —The growth obtained in the sterilized soil was very 
much superior to that which occurred in unsterilized soil, both 
as regards height and depth of colour. The plants in the 
unsterilized soil' developed a marked yellowing of the tips of the 
leaves such as occurs commonly in the field at Nhill. 

In unsterilized soil, an improvement in growth due to the 
application of zinc sulphate was first noticeable when the plants 
were in the third leaf stage. Later the zinc treated plants became 
somewhat taller and showed better tillering. 

In the sterilized soil the zinc treatment had no apparent effect 
on growth up to the heading stage. At this stage, however, it 
was observed that soil sterilization exercised a profound influence, 
on the response of the wheat to zinc applications. Whereas in 
the unsterilized soil the effect of the zinc sulphate application was 
similar to that resulting under field conditions (i.e., to induce the 
earlier appearance of the ears), the zinc treatment in the sterilized 
soil consistently retarded the date of appearance of the ears by 
one week. (Plate X., tig. 5.) 

1939 . —The effect of soil sterilization on growth was first 
noticeable three weeks after germinations. At this stage the 
plants growing in unsterilized soil showed poorer growth, were 
paler green in colour, and in many instances the tips of the leaves 
were beginning to brown. Later the development of the plants 
growing in unsterilized soil became very inferior to that of the 
plants in sterilized soil. 

As regards the effects of the zinc sulphate applications, little 
difference in growth at nine weeks after germination was induced 
in the plants growing in unsterilized soil. It was observed, 
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however, in the case of the sterilized soil series, that the average 
weight per plant in samples obtained at six and nine weeks after 
germination was reduced by the addition of zinc sulphate. This 
confirms the observation made in the previous season that the 
application of zinc sulphate to sterilized Wimmera black soil had 
a harmful effect on the growth of wheat. 

The analyses of the plants shown in Table 4 indicate that the 
sterilization of the soil had a profound effect on the mineral 
composition of the plants. Their silica ( SiCb), and lime (CaO) 
concentrations were reduced, while increases in their phosphoric 
acid (P 2 O fl ), potash (ICO), zinc (Zn), manganese (Mn), and 
nitrogen (N) concentrations occurred. Not only was the 
percentage of these latter constituents increased but the total 
amount of them absorbed would be very much greater than in the 
unsterilized soil owing to the great improvement in growth 
promoted by soil sterilization. 

Table 4.—Showing the Effect of Steam Sterilization of Niiill Black 
Fallow Soil on the Mineral Composition, at Four, Sin and Nine 
Weeks after Germination, of Free Gallipoli Wheat Grown 
Therein at Burnley during 1939. Results Of Analyses as per 
cent, on Dry Basis. 


— 

Ilnsterilized. 

Sterilized. 

Superphos¬ 

phate 

11 cwt. 
per Acre. 

Superphos¬ 

phate 

11 cwt. + 
Zinc Sul¬ 
phate 30 lb. 
per Acre. 

Superphos¬ 

phate 

11 cwt. 
per Acre. 

Superphos¬ 

phate 

H cwt. A 
Zinc Sul¬ 
phate 30 lb. 
per Acre. 

(a) Analyses 

Four Week*.after Germination. 


Crude Ash 

14 • 45 

14*63 

17*41 

17'86 

Silica Free Ash 

9-88 

9 * 99 

13*08 

12*93 

Silica (Si0 2 ) 

4‘ 57 

4HU 

4*33 

4-93 

Phosphoric Acid (P.O) 

1-57 

1*74 

2-53 

2-60 

Lime (CaO) 

1-07 

1*11 

0*90 

0*95 

Potash (KoO) 

3 • 77 

3 * 70 

5*24 

5*51 

Zinc (Zn) parts per million . . 

34 

39 

54 

78 

( b) Analyses 

Six Weeks after Germination. 


Crude Ash 

13*67 

14*48 

17-37 

16*79 

Silica Free Ash 

8-49 

8*27 

14-07 

13*59 

Silica (Si0 2 ) 

5*18 

6*21 

3-30 

3*20 

Lime (CaO) 

116 

1*17 

0-94 

0*92 

Phosphoric Acid (P 2 0 6 ) 

I * 17 

1*22 

3-60 

3-42 

Potash (K a O) 

3*10 

2*61 

5 * 93 

5 * 95 

Zinc (Zn) parts per million .. 

31 

35 

57 

74 

(c) Analyses Nine Weeks after Germination. 


Nitrogen 

1*20 

1*21 

2*42 

2-50 

Crude Ash 

19*41 

16*90 

14-86 

1402 

silica Free Ash 

7 * 00 

6 • 49 

9-20 

9-67 

Silica (Si0 2 ) 

12*41 

10*41 

5*66 

435 

Lime (CaO) 

1*10 

1*15 

0*81 

0 79 

Phosphoric Acid (P,O s ) 

0*68 

0*75 

2*22 

2-26 

Potash (K 2 0) 

2*32 

2*25 

4*22 

4 • 45 

Zinc (Zn) parts per million .. 

32 

QO 

56 

66 

Manganese (Mn) parts per million 

1J 4 

107 

143 

183 
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-Kesults ot analyses given in I able 4, showing the effect of steam sterilization of Nhill black fallow soil on the mineral composition at four, six 
and nine weeks after germination, of Free Gallipoli Wheat grown therein at Burnley during 1939. Analyses on dry basis. 
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The fact that the concentration of zinc present in the plants 
grown in sterilized soil treated with superphosphate only, was 
considerably higher than in the. unsterilized soil series plants 
treated with superphosphate plus zinc sulphate, indicates that 
when sterilized, the Wimmera black soil is capable of supplying 
an adequate amount of zinc in a form readily available to the 
plant. 

From these figures it also appears probable that the application 
of zinc sulphate to sterilized soil may even increase the amount 
of this element available to the plant above the optimum point 
and thus induce some deleterious effect on the growth of the 
plant, such as retardation in the date of heading noted in 1930 
or decreased weight per plant referred to above. The analyses 
show that such plants contained the highest concentration of zinc. 
Although plants require minute quantities of elements such as 
zinc, manganese and copper for normal growth Arnon and Stout 
(1939) have stated that most plants are also injured by very 
small increases in the concentrations of such elements in the 
plant. 

The zinc concentration reaches a maximum early in the 
development of the plant and subsequently falls to a very low- 
figure after heading. It is probable that the total amount of zinc 
in the plant does not decrease after the maximum concentration 
has been passed but that the percentage decreases due to 
“ dilution ” with dry matter. 

1940.-—Similar improvements in growth to those described 
above for the, previous two seasons resulted from the steam 
sterilization of both red and black fallow soils from Nhill. The 
unsterilized soil plants, besides being not as tall as the plants 
grown in sterilized soil, were pale green in colour and showed 
marked yellowing of the tips of the leaves; these latter symptoms 
were cured by soil sterilization. Yellowing of the tips of the 
leaves also occurred in the case of the plants under field conditions 
at Nhill. 

A comparison of the analyses of these field grown plants at 
six weeks after germination, with those of plants grown in the 
same soils in boxes at Burnley at four and eight weeks after 
germination, show very close agreement after allowance is made 
for the variations in the percentages of the constituents which 
occur with age (Table 5). 

In the black soil, the changes in the mineral constituents of the 
plants induced by sterilization were similar to those recorded in 
1939, i.e., the percentages of phosphoric acid (P 2 0 5 ), potash 
(K 2 0), zinc and manganese were increased. In the 1940 series 
the percentages of lime (CaO) and copper were also increased 
in the plants grown on sterilized soil. Sterilization had no effect 
on the percentage of magnesia (MgO) in either season. 


158 


C. R. Millikan: 


In the. plants grown on red soil, sterilization induced similar 
changes in the percentages of mineral constituents to those which 
occurred on black soil, i.e., the percentages of lime (CaO), 
phosphoric acid (P 2 O a ), potash (ICO), magnesia (MgO), zinc, 
manganese and copper were increased. The relative increase in 
the percentage of manganese was much greater in red than in 
black soil, while only a slight increase in the precentage of zinc 
was recorded for the former soil at eight weeks after germination. 

An interesting effect of soil sterilization common to both soils 
was a decrease in the percentage of iron ( Fe) in the plants. The 
reason for this change is at present unknown. It may be 
associated with some antagonistic effect in the plant resulting from 
the other profound changes induced in mineral composition by 
soil sterilization. 

In view of the much superior growth of the sterilized soil 
plants compared with those grown in unsterilized soil, however, 
it is possible that the total amount of iron absorbed was not 
decreased by sterilization. 

One further point to be noted from Table 5, is that differences 
in the normal percentages of mineral constituents occurred 
between the plants growing on Winimera black and red soils 
respectively. v The red soil plants contained the highest 
percentages of phosphoric acid (P 2 0 6 ), zinc and copper (the 
latter at eight weeks after germination) and the lowest percentages 
of lime (CaO), potash (ICO), manganese and iron. The 
percentages of magnesia (MgO) and nitrogen (N) recorded for 
the two types of soil were similar. 

These differences in the normal composition of the plants grown 
on the two types of soil are probably closely connected with, firstly, 
the lack of response in wheat to applications of zinc sulphate in 
the field ; secondly, the relatively smaller response on red than on 
black fallow soil from the application of such mineral mixtures 
as have been applied to date. The latter effect is described : n 
detail later in this paper. (Tables 8, 10, and 11.) 

These experiments have shown that certain plant nutrients 
become more readily available to the plant as a result of the 
sterilization of Wimmera red and black soils leading to improved 
growth and colour in the plants. This result is similar to that 
reported by Piper (1938), and cited above, in relation to copper 
deficiency disease of oats in South Australia. 

It was recognized that the availability of soil minerals can be 
appreciably affected by changes in the soil piI. The reactions 
of steam sterilized and unsterilized black and red fallow soils from 
Nhill have been determined, to discover whether the marked 
increases in mineral availability recorded above as a result of 
steam sterilization of these soils could be attributed, in part at 
least, to possible changes in pH induced by the heat treatment. 
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From the results below it will be seen that steam sterilization 


had no effect on the reaction of the soil:— 

Black fallow soil—unsterilized .. .. .. pH. 8-5 

Black fallow soil—steam sterilized .. .. .. pH. 8-5 

Red fallow soil—unsterilized .. .. .. pH. 6*2 

Red fallow soil—steam sterilized .. .. .. pH. 6*3 


Table 5.—Analyses, on Dry Basis, of Free Gallipoli Wheat Plants 
Grown on Wimmera Red and Black Fallow Soils Respectively 
at Nhill and Burnley during 1940, Showing Normal Differences 
in Mineral Composition of the Plants, and the Comparative 
Effects of Sterilization of Each Soil on the Availability of 
Minerals to the Plant. 


— 

Red Fallow Soil. 

Black Fallow Soil. 

Field Grown 

Plants 

(Nhill). 

Unsterilized 

Soil 

(Burnley). 

Sterilized Soil 
(Burnley). 

Field Grown 

Plants 

(Nhill). 

Unsterilized 

Soil 

(Burnley). 

Sterilized 

Soil 

(Burnley). 



1 





(a) Analyses Four Weeks after Germination. 


Lime (CaO) per cent. 

Magnesia (MgO) per cent. 

Potash (KoO) per cent. .. 
Phosphoric acid (P a 0 5 ) per cent. 
Zinc (Zn) parts per million 
Copper (Cu) parts per million 
Manganese (Mn) parts per million 
Iron (Pe) parts per million 


. . 


0*43 

0*05 


0*61 



0*49 

0*70 

, , 

0*48 



4*57 

5*50 


5*23 



1*60 

2*51 


1*05 



54 

52 


30 



17 

21 


10 



38 

154 


90 



21 

24 


84 


0-78 

049 

5*72 

1*93 

45 

15 

m 

59 


( b) Analyses Six Weeks after 


Magnesia (MgO) per cent. 
Phosphoric. Acid ?P 2 0 5 ) per cent. 
Nitrogen (N) per cent. 

Zinc (Zn) parts per million 
Copper (Cu) parts per million 
Manganese (Mn) parts per million 
Irou(Fe) parts per million 


0-50 

0-76 

5*77 


28 

18 

40 

08 


Germination. 



0*49 




071 




5*55 




21 




18 



. . 

70 




85 | .. | 


{<■) Analyses Eight Weeks after Germination. 


Lime (CaO) per cent. 

Magnesia (MgO) per cent. 

Potash (K 2 0) per cent. 
Phosphoric Acid (P 2 0 B ) per cent. 
Zinc (Zn) parts per million 
Copper (Cn) parts per million 
Manganese (Mn) parts per million 
Iran (Fe) parts per million 




0*43 

0*56 


0*82 

0*96 



0*39 

0*37 


0*35 

0 35 



3*58 

5*00 


4*43 

5*94 



0*80 

1*65 


0*63 

1*85 



30 

36 


27 

47 



24 

25 


5 

8 



50 

251 


49 

167 



45 

25 


35 

27 


Further, as shown in Table 8, soil sterilization with 2 per cent, 
formalin produced a similar improvement in growth to that 
resulting from steam sterilization. 

Effects of Re-inoculation of Sterilized Soil with Soil 
Inhabiting Organisms. 

Preliminary investigations designed to be complementary to the 
soil sterilization studies reported above have been conducted at 
Burnley during 1939 and 1940. The object of this work was to 
5089/42.— 2 
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determine whether the activities of soil-inhabiting' bacteria and 
fungi in the rhizosphere in Wimmera soil affect the. growth of the 
plant indirectly by using the soil nutrients for their own vital 
processes, thus reducing the amount available to the plant. 

The results of nutritional studies on the heavy metal 
requirements of soil-inhabiting root-rot fungi have been described 
above. In addition to this work experiments were made on the 
mineral relationship of wheat plants grown in sterilized Wimmera 
black fallow soil re-inoculated with some of the normally occurring 
soil fungi and bacteria. 

Method. 

In 1939 portions of air dry black fallow soil were steam 
sterilized at two atmospheres pressure for two hours, and then 
inoculated with a mixed suspension of soil bacteria in water two 
months prior to sowing with Free Gallipoli wheat. After 
inoculation the moisture content of the soil was kept constant at 
50 per cent, of its water holding capacity. In the meantime a 
further portion of the original soil was kept air dry and was 
sterilized immediately prior to sowing. Paraffined containers 
6 inches in diameter and 6 inches deep were used to hold the 
soil. At sowing time the top two inches of soil in each container 
was treated with either superphosphate 14- cwt. per acre or 
superphosphate 1-J cwt. + Zinc sulphate 30 lb. per acre 
respectively. Each treatment was replicated four times and 
seven grains were sown in each pot. lhe moisture content of 
the soil was kept constant by the addition of distilled water every 
second day. 

In 1940 paraffined wooden boxes 2 feet square, by 8 inches deep 
were used to hold the soil which was sterilized two months before 
sowing by autoclaving at half an atmosphere pressure for £ hour. 
Separate' portions of this sterilized soil were immediately 
re-inoculated with a suspension in water of one of the following 
mixtures of organisms:—Root-rot fungi (Curvularici ramosa, 
Helminthosporium sativum, Fiisariunt culinorum ), Saprophytic 
fungi (Rhisopus sp. and Pennicillium spp .), or a mixture of soil 
bacteria. To a further portion of sterilized soil 1 per cent, of 
unsterilized soil was added. 

The control treatments of sterilized soil only and unsterilized 
soil were set up at this time and were maintained under comparable 
conditions to the inoculated series. 

In the meantime a further portion of unsterilized soil was kept 
air dry and was sterilized immediately prior to sowing. Each 
treatment was replicated three times. No fertilizer was applied 
in this experiment, and approximately 500 grains of wheat were 
sown in each box. 
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Composite samples of plants were obtained from the three 
replicates of each treatment at both four and eight weeks after 
germination and were submitted to the Agricultural Research 
Chemist for ash analyses. 

Results. 

1939. —In the uninoculated sterilized soil, it was found that 
the application of zinc sulphate retarded growth, in contrast to 
the stimulation of growth promoted by this treatment in the 
unsterilized soil. These effects were in accord with the results 
of other experiments with fallow soil reported above. The 
retardation of growth in sterilized soil was first noticeable in the 
fourth leaf stage, six weeks after germination. 

On the other hand, the zinc sulphate application to sterilized 
soil re-inoc:lated with bacteria definitely stimulated growth. This 
stimulation was first noticeable approximately eight weeks after 
germination. 

From this preliminary experiment it was evident that the zinc 
responsiveness of Wimmera black fallow soil which is destroyed 
by steam sterilization can be re-established by inoculating such 
sterilized soil with soil bacteria. 

1940. —The big improvement in growth due to soil sterilization 
which occurred in this experiment was similar to that described 
above for other experiments, where a similar treatment was given. 
The growth in the soil sterilized two months prior to sowing was 
slightly superior to that in the soil sterilized immediately prior to 
sowing. 

At the time of first sampling four weeks after germination, 
no obvious differences in growth between the sterilized only soils 
and the sterilized soils re-inoculated with soil organisms was 
discernable. 

At eight weeks after germination, however, when the second 
samples were taken, the plants in the inoculated sterilized soils 
appeared slightly paler green in colour than the sterilized soil 
controls. The tips of the leaves of the plants in the sterilized 
soil inoculated with root-rot fungi were slightly yellowed. 

The results of the analyses made on these samples are shown 
in Table 6. Several points of some significance may be noted 
from a study of these figures. In the first instance a gap of two 
months between sterilization and sowing evidently had a beneficial 
effect on the availability of potash (K 2 0), magnesia (MgO), and 
manganese, to the plant. On the other hand, the lime (CaO) and 
phosphoric acid concentrations were higher in the plants grown 
in soil sterilized immediately prior to sowing. It is known that 
after soil sterilization, time is sometimes required before the full 
benefit of the treatment on subsequent plant growth is achieved. 
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A time factor doubtless operates in relation to the, autolysis of 
soil organisms subsequent to soil sterilization, and the concomitant 
release of plant nutrients. 

Table 6.—Preliminary Experiment with Wimmera Black Fallow Soil 
Conducted at Burnley during 1940, Showing Comparative Effects 
of Sterilization Two Months Prlor to Sowing, Immediate 
Re-inoculation of such Sterilized Soil with Soil Fungi or 
Bacteria, and Sterilization Just Prior to Sowing Respectively, on 
the Mineral Composition of Free Gallipoli Wheat Plants Grown 
Therein. Analyses on Dry Basts. 


— 

Unsterilized. 

Sterilized (April). 

Sterilized (June). 

Sterilized (April) 

-I- Boot Hot 
Fungi. 

'C 

” as be 

*r< GO S3 

2,3 

'/3 ■PpH 

Sterilized (April) 

+ Soil Bacteria. 

Sterilized (April) 

+ 1 per cent. 

Unsterilized. 






1 



(a) Analyses Four Weeks after Germination. 


Lime (CaO) per cent. 

0-61 

075 

078 

0-89 

085 

0-76 

0-89 

Mangesia (MgO) per cent. 

0-48 

0*48 

0 49 

0-51 

0-52 

056 

0-52 

Potash (K,0) per cent. 

5 23 

5-50 

5 72 

5-61 

5-68 

6-11 

5-50 

Phosphoric acid (P 2 0 5 ) per cent. .. 

105 

1-75 

1-93 

1-55 

1-77 

1-52 

1-45 

Zinc (Zn) parts per million 

30 

41 

45 

47 

46 

49 

46 

Copper (Cu) parts per million 

16 

20 

15 

24 

34 

30 

15 

Iron (Fe) parts per million 

84 

55 

59 

71 

50 

48 

45 

Manganese (Mn) parts per million 

90 

138 

133 

123 

120 

,117 

130 


(£>) Analyses Eight Weeks after Germination. 


Lime (CaO) per cent. .. 

0-82 

081 

0 • 96 

0 94 

0-94 

0-93 

0-90 

Magnesia (MgO) per cent. 

0-35 

0’47 

0-35 

0-34 

0 1 35 

0-38 

046 

Potash (K-jO) per cent. 

4-43 

6-93 

5-94 

6-17 

6-40 

6-69 

6-57 

Phosphoric Acid (P*0 6 ) per cent... 

0-63 

1-48 

1-85 

1-61 

1' 53 

1*46 

1-11 

Zinc (Zn) parts per million 

27 

49 

47 

41 

50 

44 

36 

Copper (Cu) parts per million 

5 

7 

8 

9 

14 

9 

9 

iron (Fe) parts per million 

35 

31 

29 

29 

29 

26 

31 

Manganese (Mn) parts per million 

49 

203 

167 

140 

149 

161 

151 


A second point of importance to be noted from the results is 
that the general nutritional level of the plants in the sterilized 
re-inoculated soils even four months after inoculation is still 
very much higher than that of the unsterilized soil plants. It is 
evident, therefore, that to obtain the full effects of re-inoculation 
of sterilized soil, analyses should be made later than eight weeks 
after germination. Probably more reliable information would 
he obtained by making analyses on the “ residual effect in stubbie 
sown plants in the season after inoculation. Fungi often grow 
only moderately well on sterilized soil without the. addition of 
stimulating substances. Such substances are secreted by plant 
roots. References to this “ rhizosphere effect ” have been cited 
at the beginning of this section. It seems probable, therefore, 
that the increase, in the organisms inoculated into sterilized soil 
would be greater after the plants had become established than 
before. 
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This latter is in accord with the analyses of the plants. Whereas 
the inoculations of sterilized soil had little effect on the percentage 
composition of the plants at four weeks after germination, the 
analyses four weeks later show some marked changes. Compared 
with the control plants in Sterilized (April) Soil, the analyses 
eight weeks after germination showed lower percentages of 
phosphoric acid (P 2 O n ), potash (K 2 0), magnesia (MgO), zinc 
and manganese in some or all of the inoculation treatments. 

The results of this preliminary experiment have shown that 
the presence of soil inhabiting organisms in the rhizosphere may 
decrease the availability of certain mineral nutrients to the plant. 

The variable results reported from inoculation tests using 
sterilized soil may well be due to the fact that the effects of the 
competition between the plant and the organisms for the soil 
minerals was not apparent, owing to the marked increase in the 
amount of available soil minerals due to the sterilization treatment. 
The time factor is obviously very important in all such 
experiments. This may be the explanation of the results of 
Sandford (1941) who found that Rhisoctonia solani was not 
virulent in sterilized soil. 


Mineral Treatment in Relation to the Apparent 
Severity of Root-rot Disease. 

The literature on the effects of manuring and other treatments 
on the development of soil-borne diseases in plants has been 
reviewed by Garrett (1939). 

Deficiencies of available plant nutrients in the soil may be 
induced by a variety of causes; some references have been cited 
earlier. Where such deficiencies exist, the resulting symptoms in 
the plant such as restricted growth and reduced yield, would, if 
associated with the occurrence of root-rot lesions in the plants, 
be liable to be wrongly attributed to the direct effects of root-rot 
organisms. The apparent severity of the root-rot disease would 
therefore appear to be greater than its actual severity. Alleviation 
of the soil deficiency by suitable treatment may therefore decrease 
the apparent severity of the disease without actually decreasing 
the number of lesions on the roots of the affected plants.^ This 
is probably the explanation of the results of Russell and Sallans 
(1940), who found that although the applications of phosphatic 
fertilizers frequently increased the yield of wheat, there was 
usually, if anything, a slight increase in the common root-rot 
disease rating of the fertilized plants. In view of the increased 
yields produced by the. fertilized plants, however, it is obvious 
that the apparent severity of the disease must have been reduced. 

Other instances have been recorded where the occurrence of 
soil mineral deficiencies had appreciable, effects on the apparent 
severities of disease in susceptible plants grown in those soils 
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(Samuel 1934, Miles 1936, Millikan 1938, Walker and Musbach 
1939, Vanterpool 1940). The application of the appropriate 
mineral not only cured the deficiency, but also reduced the 
apparent severity of the disease. This latter beneficial effect is 
evidently bound up more with the curing of a physiological 
disorder, resulting in an increase in the vigor and yield of the 
plant, than with any increase in the plant’s resistance to fungal 
attack. 

In a study of the root-rot problem, it is therefore of paramount 
importance to distinguish between symptoms caused by physio¬ 
logical disorders in the plant induced by external factors and 
those caused by the direct effects of the root-rot organisms. 

The results recorded earlier in this paper have indicated that 
the fungi and bacteria inhabiting Wimmera black soil may exercise 
an indirect, harmful effect on plant growth by competing with the 
plant for the soil nutrients. It would follow, therefore, that a 
mineral treatment would help to overcome the indirect effects 
of these organisms on plant growth by supplying additional 
nutrients in a form immediately available to the plant, thus 
producing an improvement in growth at least approaching that 
resulting from steam sterilization. 

Where other environmental factors such as soil moisture were 
optimum for growth, the presence, of soil inhabiting organisms 
which may become plant pathogens would tend to prevent such 
a treatment from inducing an improvement in growth completely 
comparable with the effect of sterilization. Further, to obtain 
the maximum response in growth the ingredients of the treatment 
applied would necessarily need to be of a proper kind and 
proportion to meet the particular needs of the soil concerned. 
Such a treatment could only be developed after much research. 

Under these conditions, the relative growths obtained in the 
sterilized soil, and in unsterilized soil supplied with additional 
nutrients, would give an indication as to the real effects on plant 
growth of the root-rot organisms present in that soil. Such an 
experiment, it seems to the writer, is the only means by which 
the actual pathogenicity of root-rot organisms can be evaluated. 

To determine the effects of mineral treatment on the 
development of cereals grown on Wimmera soil, experiments 
have been conducted in the greenhouse at the Plant Research 
Laboratory, Burnley, in 1939 and 1940, and in the field on the 
farm of Mr. C. P. Dahlenburg, Nhill, during the seasons 1938 to 
1940 inclusive. The effects of such treatments on the abundance 
of root-rot lesions on the plant was also determined in the field 
experiments. 
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Greenhouse Experiments, 1939-40. 

Nhill black wheat stubble soil was selected for the first 
experiment which was conducted during 1939. The growth of 
wheat and oats on such soil is usually very poor. The following- 
year the experiments were extended to include Nhill black and 
red fallow soils in addition to the black stubble soil. 

Method. 

Each treatment was replicated four times and all fertilizers and 
minerals were applied to the top two inches of soil only in each 
container, which measured six inches in diameter by six inches 
deep. Each was coated with a thin layer of high grade paraffin 
before use. With the exception of the first experiment in 1939, 
the soils at the time of sterilization were air dry, and the 
treatment was for three-quarters of an hour at one-half 
atmosphere pressure. 

Before sowing, the moisture content of the soil was adjusted to 
50 per cent, of its moisture holding capacity, and was kept 
constant at this figure during the experiment by the addition of 
distilled water thrice weekly. Seven grains of Free Gallipoli 
wheat were sown in each pot. 

At the termination of the 1940 experiment, the dry weights 
of the plants wei'e obtained. 

The treatments studied in each season were as follow:— 

1939.—A dressing of either superphosphate \\ cwt. per 
acre, or superphosphate \\ cwt. -j- zinc sulphate 40 lb. per 
acre was applied to unsterilized soil, sterilized soil (half 
atmosphere for half hour) and sterilized soil (two 
atmospheres for two hours) respectively. A further 
treatment consisting of unsterilized soil -f- mineral mixture 
(see Table 7 for composition) was included. 

194C—The treatments applied to each type of soil in 1940 
are shown in Tables 7 and 8. 

Table 7 . —Greenhouse Wheat Experiments, Burnley, 1939 - 40 , Showing 
the Compositions, *ht Pounds per Acre, of the Mineral Mixtures 
Applied to the Various Types of Nhill Soil (i.e., Black Fallow, 
Black Wheat Stubble and Red Fallow) Used. 


Constituent. 

1939. 

1940 Mixtures. 

1 . 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

Superphosphate .. 

168 

112 

168 

168 

168 

56 

56 

168 

168 

Sulphate of ammonia 

112 

28 

112 

112 

112 

112 

112 

112 

112 

Zinc sulphate 

40 

20 

20 

20 

20 


, . 

20 


Manganese sulphate 

40 

15 

15 

30 

30 

30 

30 

15 


Sulphate of potash 


25 

25 

25 

25 

25 

25 

25 

25 

Magnesium sulphate 

30 



20 

30 

30 


20 

20 

Copper sulphate .. 

4 



3 

4 

4 


5 

.. 

Iron sulphate 

10 



15 

15 

15 

is 

15 


Cobalt chloride .. 

2 



2 

2 

2 


4 

4 

Ammonium molybdate 

2 



2 


2 


4 

4 

Nickel sulphate .. 

1 



2 

2 

2 


4 

4 

Borax ,. 




2 

2 

2 



*• 
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Results. 

Marked differences in growth were induced by certain of the 
treatments (Plate X., fig. 6; Plate XI., fig. 7). As seen in 
Table 8 the greatest increases were promoted by soil sterilization 
with either steam or formalin. The mineral mixtures also induced 
appreciable increases in growth, particularly in the black stubble 
soil in both 1939 and 1940. In this soil the appearance of the 
mineral treated plants up to the heading stage was only very 
slightly inferior to that of the sterilized soil plants. Growth on 
stubble is normally much inferior to that on fallow. 

One point of particular interest revealed in Table 8 is that 
whereas the addition of the elements magnesium, copper, cobalt, 
molybdenum, nickel and boron to the mixtures applied to black 
fallow soil significantly depressed the yield, their inclusion in 
the black stubble soil mixtures caused a very appreciable increase 
in the weight of dry matter produced. Evidently the process of 
fallowing Nhill black soil increases the availability of some, at 
least, of the elements listed above. In this regard it is of interest 
to note that in Western Australia the growth of “ rosetted ” pines 
suffering from zinc deficiency ( Kessell and Stoate 1936) has been 
found to be stimulated by injections of manganese, iron, cobalt, 
nickel, molybdenum and boron in addition to zinc (Hearman 
1938). Similarly Ricemau and Anderson (1941) have reported 
that in the Robe area in South Australia the addition of zinc 
sulphate in the presence of applied copper, increased the grain 
yield of oats considerably. 

Although the colour of the plants grown in the red soil was 
lighter than that of the black fallow soil plants, the dry weight per 
plant of the former was greatest. In the field, on the other hand, 
the yield on black ground is usually superior to that on red ground. 
This is due largely to the fact that the moisture, holding capacity 
of red ground is not as great as that of the black, and plants in 
the former type of soil are consequently liable to suffer most from 
a lack of moisture. This limiting factor was eliminated in the 
greenhouse experiments. 

The occurrence of “ dead-heads ” which is a common feature 
of red-ground crops in the Wi miner a district (Plate XII., fig. 11) 
is also considered to be closely correlated with the moisture 
relations of the plants. They occur most commonly under dry 
conditions. Further reference is made to this aspect in the 
discussion later. It will suffice to state here that while no 
“ dead-heads ” developed in the plants in the greenhouse 
experiment, they were very prevalent in plants grown in the. same 
season and soil under very dry field conditions. 

No accurate quantitative determinations of the severity of 
root-rot lesions on the roots of the plants in the greenhouse 
experiments were possible. It was observed, however, that root 
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development was much superior in the plants receiving the mineral 
mixtures, which resulted in decreases in the apparent severity of 
the lesions. 

The significance of these results is discussed after a description 
of complementary field experiments. 

Table 8 . —Results of Greenhouse Experiments. 1940, Showing the 
Comparative Effects of Sterilization and Mineral Treatment of 
Nhill Sotls on the Dry Weights of Free Gallipoli Wheat Plants 
Grown Therein. 



Black Fallow. 

Black Wheat 
Stubble. 

Red Fallow. 

Treatment. 

Dry 

Weight 

per 

Plant 

Grams. 

Per¬ 

centage 

Increase. 

Dry 

Weight 

per 

Plant 

Grams. 

Per¬ 

centage 

Increase. 

Dry 

Weight 

per 

Plant 

Grams. 

Per¬ 

centage 

Increase. 

Unsterilized 

Unsterilized + Superphosphate 1 cwt. 

0-328 


0119 


0-823 


per acre 

Unsterilized -(-Superphosphate 

0-437 

33 

0-114. 


0-834 


cwt. per acre . . 



4* 

1 

Unsterilized -f Mineral Mixture No. 1 

0-572 

74 





Unsterilized 4 Mineral Mixture No. 2 

0-606 

85 





Unsterilized -f Mineral Mixture No. 3 

0-485 

48 

0" 353 




Unsterilized 4 Mineral Mixture No. 4 



198 



Unsterilized 4 Mineral Mixture No. 5 



0-325 

173 



Unsterilized 4 Mineral Mixture No. 0 



0*231 

94 

1*056 

28 ■ 

Unsterilized 4 Mineral Mixture No. 7 





Unsterilized 4 Mineral Mixture No. 8 





1073 

30 

Sterilized (steam) 

0-801 

144 

0-608 

4ii 

1-544 

88 

Sterilized (formalin) 

Sterilized (steam) 4 Mineral Mixture 

0 • 845 

150 


,, 


• - 

No. 3 

1*014 

- 209 





Difference for significance 

0-117 

36 

0-074 

62 

0-211 

1 26 


* Decrease. 

Note. —For compositions of Mineral Mixtures see Table 7. 


Field Experiments, 1938-40. 

On the farm of Mr. C. P. Dahlenburg, Nhill, the effects of 
mineral treatments on the growth and disease reaction of wheat 
on black and red fallow ground, and of oats on black wheat 
stubble soil have been studied during 1938-40 inclusive. The 
experiments were intended to lie complementary to the greenhouse 
work described above. 

Method . 

The various minerals were mixed with superphosphate in the 
desired proportions and applied with the drill at seeding time. 
The compositions of the mineral mixtures used in each season are 
shown in Table 9, and tests in which they were included are 
indicated in Tables 10, 11, and 12. 

All plots were 0-0322 acres in area, and each treatment was 
replicated three or four times in randomized blocks. 
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During the season, random samples of approximately 60 plants 
were obtained from each plot and were examined for the 
prevalence of root-rot lesions. For comparison purposes, two 
samples were taken from the black fallow experiments, the first 
just prior to heading and the other very shortly before harvest 
when the roots were becoming senile. 

The examination took into account the number of lesions in 
relation to the root development and general vigour of each plant, 
which was then allotted points according to the following 
schedule:—Very severe, 5 points; severe, 4 points; moderate, 3 
points; light, 2 points; very light, 1 point; and no lesions, nil. 
The root-rot index of the sample was then obtained as follows:— 

Total points scored 100 

Root-rot Index =-X- 

(Total number of plants in sample) X 5 1. 

The yields of either grain or hay were obtained at the end of 
each season. 


Results. 

In each season, particularly the early portion, certain of the 
mineral mixtures tested produced very much superior growth in 
both wheat and oats to that induced by zinc sulphate alone (Plate 
XI., fig. 8; Plate XII., fig. 12). The greatest increases occurred 
in oats on stubble. Unfavorable climatic conditions in the latter 
part of each season, however, adversely affected the growth of 
the mineral treated plants in relation to that of the other 
treatments. 

During 1938 and 1940 drought conditions were experienced, 
and the plants which were most forward early in the season 
suffered most later from the continued dry weather. In 1938 
practically all the oats on stubble died before reaching maturity, 
while in 1940 they were too short to cut. In 1939 a series of very 
severe frosts occurred just prior to and during the heading of 
the mineral treated plants (which were the first to mature) while 
the later plants not receiving the mixtures escaped serious injury. 

For these reasons, the differences in the final yields obtained 
from the various treatments were not in accordance with the 
early and mid-season appearances induced by the treatments. 

The results of these, and of numerous other experiments con¬ 
ducted by the Department, have shown the importance of the 
incidence of the spring rainfall and late frosts in relation to the 
time of heading and flowering of wheat, in determining both the 
apparent severity of root-rot lesions and the yield of the crop. 
It is a well established fact that plants at the flowering stage are 
conspicuously sensitive to drought (Loehwing 1940). 
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Table 9. —Field Mineral Treatment Experiments, Nhill. 1938-40, 
Showing Compositions in Pounds per Acre of Mineral Mixtures 
Used in Each Season. 



Mixture Number. 


i. 

2. 

3. 

4. [ 5. 

0. 

7. 

8. 

9. 

10. 

ii. 

12. 

13. 

14. 

1938. 

Superphosphate 
Sulphate of ammonia 
Zinc sulphate 

Manganese sulphate .. 
Magnesium sulphate 
Copper sulphate 

Borax 

Cobalt chloride 

112 

is 

20 

30 

112 

5G 

15 

30 

112 

50 

15 

20 

30 

112 

50 

15 

20 

30 

2 

0*5 

112 

56 

15 

4 

112 

50 

15 

i 









1939. 















Super phosphate 

112 

112 

112 

112 

84 

84 

84 

84 

84 

84 

112 




Sulphate of ammonia 

37 

37 

50 

50 

28 

28 

28 

28 

28 

28 

50 




Ziuc sulphate 

10 

10 

10 

15 

10 

10 

10 

10 

10 

10 





Manganese sulphate ,. 

10 

10 

10 

20 

10 

10 

10 

10 

10 

10 

20 




Magnesium sulphate 

10 

10 

10 

30 


10 

10 

10 

10 

10 

30 




Copper sulphate 

2 

4 

2 

2 

2 

o 

o 

2 

2 

_2 

2 




Borax 

0-5 

1 

0*5 

0*5 

0*5 

0-5 

0*5 

0*5 

0*5 

0- 5 

0*5 




Iron sulphate 







10 


10 

10 





Cobalt chloride 








9 

2 

2 





Potassium sulphate .. 


•4 •» 








10 





Sodium iodide 















Potassium bichromate 















Nickel chloride 










0’5 





Ammonium molybdate 










0*5 





Barium chloride 










0*5 





Tin chloride 















1940. 















Superphosphate 

112 

112 

112 

112 

112 

112 

112 

112 

112 

56 

50 

50 

50 

56 

Sulphate of ammonia 

,. 

28 

28 

28 

28 

28 

28 

56 

50 

50 

50 

50 

56 

56 

Zinc sulphate 

10 

10 

10 

10 

10 

10 

10 

10 

10 


10 


10 

10 

Manganese sulphate .. 

10 

10 


10 

10 


10 

10 

10 

io 

10 

io 


10 

Potassium sulphate .. 

15 


is 

15 

15 


15 

10 

10 

15 

15 

15 

is 

10 

Copper sulphate 














3 

Iron sulphate 






10 

10 

10 

10 





10 

Magnesium sulphate 







10 

10 

10 





10 

Cobalt chloride 









2 






Ammonium molvbdate 









2 






Nickel sulphate 









2 







In some seasons, the application of superphosphate to wheat on 
Wiiumera black ground has increased the yield by as much as 
100 per cent., yet in other seasons this treatment has had no 
significant effect on yield. The importance of weather conditions 
on the response of wheat to fertilizers has also been recognized 
by Russell and Sallans (1940) in their work on common root-rot. 

The high yields obtained in 1940 on black fallow soil when the 
yearly rainfall was approximately 10 inches (half normal) of 
which only 5^ inches fell during the growing period, are 
attributable to the conservation of soil moisture by sound 
cultural practices during the fallow period preceding sowing. 
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Table 10. —Results of Mineral Treatment Experiments with Ghurka 
Wheat on Black Fallow Soil, at Nhill, During the Seasons 
1938 to 1940, Showing the Effects of Treatments on the Root-rot 
Index and Yield. 



1938. 


1939. 



1940. 





Root Rot 
Index. 


Root Rot 
Index. 


Treatment per Acre. 

Root Rot Index. 

Yield, Bus./ac. 

First Sample 

20th August. 

Second Sample 

4th December. 

Yield. Bus./ac. 

First Sample 

16th September. 

Second Sample 

9th December. 

Yield Bus./ac. 

Untreated 



40*2 

66*0 

27*3 

55*3 

64*3 

38*8 

Superphosphate, I cwt. .. 

45-3 

26*4 

43*1 

54*2 

26*0 

44*8 

53*9 

43*0 

Superphosphate, \ cwt,. + Zinc sul¬ 
phate, S lb. .. 

38*2 

28*9 




Superphosphate, 1 cwt. -f Zinc sul¬ 
phate, 10 Jb. .. 



39*2 

48*4 

30*5 

48*0 

53*4 

46*1 

Superphosphate, 1 cwt.. + Zinc sul¬ 
phate, 16 lb. .. 

38-0 

28'3 




Superphosphate, 1 cwt. 4- Zinc sul¬ 
phate, 30 lb. .. 

39-3 

28*0 







Superphosphate, 1 cwt.. -}- Brown 
Zinc dross, 16 lb- 

37-9 

27*5 







Superphosphate, 1 cwt. -j- Sulphate 
aiumouia, 37 lb. 

Superphosphate, 1 cwt. -t- Sulphate 
ammonia, 37 lb -j- Zinc sulphate, 
10 lb. 



38*2 

53*5 

28*4 






32-7 

54*5 

31*5 




Superphosphate. 1 cwt. 4- Sulphate 
ammonia, 66 lb. 4- Zinc sulphate, 
15 1b. 

38*4 

29*4 







Superphosphate 1 Cwt. 4- Sulphate 
ammonia 28 lb. 






50*4 

55*0 

43*2 

Superphosphate 1 cwt. 4- Sulphate 
ammonia 28 lb. 4- Zinc sulphate 
10 lb. 






47*1 

58*1 

42*3 

Mineral mixture No. 1 .. 

40*4 

27-0 

34-4 

64*6 

28*8 

48*6 

57*8 

42 *i 

Mineral Mixture No. 2 .. 

37*2 

30*1 

34-0 

54*9 

29*6 

46*4 

58*6 

42*2 

Mineral Mixture No. 3 .. 

30-5 

30*3 

38-3 

66*7 

29*0 

46*7 

57*9 

43*0 

Mineral Mixture No. 4 .. 

34 *6 

31*4 

25-5 

52*7 

30*3 

42*3 

61*4 

43*7 

Mineral Mixture No. 5 .. 

38’5 

28‘4 

39-8 

51*0 

28*9 

49*1 

60*7 

45*1 

Mineral Mixture No. 6 .. 

33-3 

29-6 

35*0 

45*9 

30*6 

46*8 

60*6 

45*7 

Mineral Mixture No. 7 .. 



31*0 

62*0 

30*8 

46*9 

52*1 

43*5 

Mineral Mixture No. 8 .. 



33-6 

52*6 

29*2 

49*0 

57*8 

43*5 

Mineral Mixture No. 9 .. 

, , 


33-3 

47*8 

28*1 

53*5 

57*6 

43*0 

Mineral Mixture No. 10 .. 



34*0 

46*1 

29*1 



•• 

Difference for significance 

3*9 

2-4 

63 

13-2 

2*3 

5*7 

17*9 

4*0 


Note.—F or compositions of the mineral mixtures used in each season, see Table 9. 


Wheat—Black Fallow Soil. 

With regard to the wheat experiments on black fallow ground, 
it will be seen from Table 10 that certain of the treatments 
significantly decreased the severity of root-rot lesions and 
increased the yield, although as stated above the increases 
in yield were not as great as the early appearances of the 
plots would indicate. Owing to the adverse seasonal conditions 
experienced, the differences in yield due to applications of zinc 
sulphate in 1938, 1939, and 1940 were not comparable with those 
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obtained in the previous two seasons ( Millikan 1938). Although 
all the mineral mixtures produced an improvement in growth 
over plants treated with superphosphate or superphosphate plus 
sulphate of ammonia only, the plants receiving the No. 4 mixture 
in 1938 and 1939 were outstanding in regard to both height and 
depth of colour, particularly during the early parts of both 
seasons. 

The No. 4 mixture was also more effective than the treatment 
superphosphate plus sulphate of ammonia plus zinc sulphate, thus 
confirming the results of the greenhouse experiments to the effect 
that some minerals other than zinc are important in inducing 
improvements in growth on Wimmera black soil (Table 8). The 
latter treatment was superior to either superphosphate plus 
sulphate of ammonia or superphosphate plus zinc sulphate, a result 
similar to that of Vanterpool (1940) in connection with browning 
root-rot of cereals. He found that nitrogenous fertilizers were of 
little or no value when applied singly, but when the phosphorus 
deficiency had been rectified, nitrogenous applications gave a 
further beneficial response. This is of particular interest as 
browning root-rot associated with Pythium sp. occurs in Wimmera 
black soil. 

During the stage when marked differences in growth were 
apparent, the severity of root-rot lesions on the plants showing 
marked responses to the mineral treatments was significantly 
reduced. Samuel (1934) has made a similar observation in 
connection with the percentage of u take-all ” infestation on 
manorial plots at the Waite Institute. High yield was associated 
with a small amount of take-all and vice versa. 

The severity of lesions is evidently related to factors affecting 
the vigour of the plant; mineral treatment cannot make up for 
an inadequate rainfall, particularly immediately preceding and 
after heading. Such an inadequacy will seriously affect plant 
vigour and increase the apparent severity of root-rot damage. 
The deleterious effects of continued dry weather was relatively 
greatest in plants receiving mineral treatments which, earlier in 
the season, showed the, greatest growth, and therefore had a 
greater normal water requirement than untreated plants. For this 
reason, treatments which were accompanied by a significant 
decrease in the root-rot index at the time of the first sampling 
before heading, produced no such change at the time of the second 
sampling shortly before harvest. 

At this stage, when the grain was practically dead ripe and the 
roots were becoming senile, the root-rot index was much higher 
than that at the time of the. first sample just prior to heading. 
It was considered unlikely, however, that this increase in the 
root-rot index at such a late stage in the life of the plant would, 
in itself, have any significant effect on yield. 
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A large number of lesions on the wheat roots were cultured 
at each sampling to determine the relative abundance of the fungi 
associated with them. 

The following are the fungi which were isolated, in order of 
their relative abundance:— 

1938- 

H elminthosporium sativum, Fusarium sp., Fusanum cuhnorum, 
Dendryphium sp. (Plate XI., fig. 10), Ophiobolus graminis, 
Curvularia ramosa and Pythium sp. 

Eelworms (Hcterodera schachtii and Pratylenchns pratensis) 
occurred to a limited extent. 

1939 - 

First Sampling, 20th August. 

Pythium sp., Phoma spp., Stemphylium lanuginosum, Helminthosporium 
sativum, Curvularia ramosa, Fusarium cuhnorum, and Dendry¬ 
phinm sp. 

Second Sampling, 4th December. 

Fusarium cuhnorum , Dendryphium sp., Fusarium sp., Periconia 
circinata, Curvularia ramosa, Macrosporium sp., Fusarium monili- 
forme, var. subglutinans; Fusarium scirpt, var. c ompactum; 
H elminthosporium sativum; Ophiobolus graminis, Rhizoctonia 
solani, and Wojnowicia graminis. 

Eelworms (Hcterodera schachtii and Pratylenchns pratensis) 
also occurred to a limited extent. 

1940 - 

First Sampling, 16th September. 

Pythium sp., Fusarium sp., Fusarium cuhnorum, Dendryphium sp., 
O phiobolus graminis, H dm ill t h o spa hit m sativum, Fusarium scirpi, 
var. compactiim, Fusarium sp., Stemphylium lanuginosum, 
Rhizoctonia solani, and Periconia circinata. 

Second Sampling, 9th December. 

Pythium sp., Fusarium sp., Dendryphium sp., Fusarium cuhnorum, 
Periconia circinata, Sclcrotimn sp., IIelminthosporium sativum, 
Fusarium scirpi, var. compaction , Ophiobolus graminis, Altcmaria 
sp., Rhizoctonia solani, Fusarium moniliformc, var. subglutinans, 
Stemphylium lanuginosum, and an undetermined sterile fungus. 

Eelworms also occurred commonly. 

It will be seen that a complex succession of fungi was 
associated with the root-rot lesions. Simmonds and Ledingham 
(1937), Sprague (1938), and others have similarly reported that 
cereals may be attacked by a complex of soil-borne fungi, while 
Garrett (1936), Lai (1939) and others have found that a similar 
sequence of organisms to that reported above occurred in wheat 
plants affected with take-all following the invasion of the root by 
the primary parasite. 

Entry of the fungi into the roots may he facilitated by eelworm 
attack or by the breaking, at more or less regular intervals, of the 
tissues of the young roots outside the vascular areas which has 
been frequently found to occur in wheat plants growing on Nhill 
black soil (Plate XI., fig. 9) ; similar symptoms have been observed 
on the sub-crown internode. The cause of this phenomenon is at 








Soil Conditions in Relation to Root-rot of Cereals. 175 


present unknown; it may, however, be related to the fact that this 
soil expands and contracts appreciably with changes in its moisture 
content. 

It is also of interest to note that Periconia circinata also occurred 
among Glynne’s (1939) isolations from wheat at Rothamstead. 

The fungus, tentatively referred to Dendryphium } is believed to 
be previously unrecorded in pathological history. On potato- 
dextrose-agar it produces dense, dark olive green to black colonies 
with a lighter coloured aerial growth. Large chlamydospores of 
very variable shape occur freely, while conidia are produced very 
sparingly on the aerial mycelium. The latter are ovoid, dark, 
4 to 9 celled, sometimes branched, 15-27/x X 7-10^, acrogenous, 
usually solitary, very occasionally catenate on short geniculate 
conidiophores (Plate XI., fig. 10). 

Wheat—Red Fallow Soil. —The Wimmera red soils are lighter 
in texture, and poorer in some mineral nutrients, lime and organic 
matter than the black soil (Table 5). Their pH is in the vicinity 
of 6*5 to 7*0 as against about 8*3 for the black type. Although 
lighter, these red soils are not as easily worked as the black. 
They dry out readily, tend to set, and do not show the self- 
mulching properties of the black soils. 

None of the treatments tested (Table 11) produced the same 
relative improvement in growth as was obtained on black ground, 
indicating that the red soil presents a problem different from that 
of the black ground. It is evident that the mineral treatments 
applied to date have not been suitable to its particular requirements. 
This confirms the results of the greenhouse experiments shown 
in Tables 5 and 8. The results of analyses in Table 5 show some 
of the important differences in the mineral composition of plants 
grown on red and black soils respectively. In Western Australia 
Teakle and Thomas (1939 ) have had a similar experience. They 
found that mineral mixtures significantly depressed the yields of 
wheat on various soil types, although in one instance the mixture 
produced a deeper green colour in the early stages of growth. 

In 1939 a significant reduction in the root-rot index and a 
significant increase in yield was produced by a dressing of 
superphosphate 84 lb. + sulphate of ammonia 28 lb. + zinc 
sulphate 10 lb. per acre. 

In contrast with the experience in 1939, much higher root-rot 
indexes and lower yields were obtained from the red fallow plots 
than from those, on black fallow ground in 1940. This is 
attributable to the much lower incidence of rainfall in the latter 
year, which obviously affected the plants on the light red soils to 
a much greater degree than those on the heavier, more moisture 
retentive, black soil. It was estimated that in 1940, nearly 
50 per cent, of the plants grown on the red soil produced “ dead 
heads ”, and the grain in the remainder was very light and pinched. 

5089/42.—3 
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Table 11 — Results of Mineral Treatment Experiments with Ghurka 
Wheat on Red Fallow Soil at Nhill 


Treatment per Acre. 


1939. 

Superphosphate 84 lb. 

Superphosphate 84 lb. + Zinc sulphate 10 lb. .. 

Superphosphate 84 lb. 4- Sulphate ammonia 28 lb. 

Superphosphate 84 lb. + Sulphate ammonia 28 lb. + Zinc sulphate 
10 lb. .. 

Mineral Mixture No. 6 
Mineral Mixture No. 9 

Difference for significance 


1940. 

Untreated 

Superphosphate 1 cwt. 

Superphosphate 1 cwt. -f Zinc sulphate 10 lb. 

Superphosphate 1 cwt. -f sulphate ammonia 28 lb. 

Superphosphate 1 cwt. + sulphate ammonia 28 lb. -f Zinc sulphate 
10 lb. .. 

Superphosphate 1 cwt. + Sulphate ammonia 28 lb. + copper sul¬ 
phate 5 lb. 

Superphosphate 1 cwt. -f Sulphate ammonia 28 lb. + Manganese 
sulphate 10 ib. .. 

Superphosphate 1 cwt. + Sulphate ammonia 28 lb. + Iron sulphate 
10 lb. .. 

Mineral Mixture No. 7 

Difference for significance 


ing 1939 

AND 1940. 

tOT Index 

and Yield, 

Root Rot 

Yield 

Index. 

Bus./ac. 

3rd 


November. 


63-1 

20'6 

60-8 

19-8 

669 

19-2 

54-7 

24*0 

58-7 

20’ 5 

59-7 

22*2 

4-5 

3’9 

27th 


November. 


80-4 

9’6 

89-2 

11’8 

93-4 

10’9 

92-9 

12-1 

82-6 

10*7 

84-2 

11*0 

90-3 

9-3 

92-1 

11-0 

90-1 

11*5 

7-7 

0’7 


Note.—T or compositions of mineral mixtures used in each season, see Table 9. 


The lower root-rot index of the untreated plants in 1940 was 
due to the fact that at the time of sampling, which was very late 
in the season, these plants were much more immature than those 
receiving the remaining treatments. 

The following fungi, in order of their relative abundance, were 
found to be associated with lesions on the roots of the wheat 
plants grown on red soil:— 

1939- 

Fusarimn culmorum, Fusarium monihforme, Fusarium scirpi, vw\ 
compactum, Sclerotium sp. f Ophiobolus graminis, Fusarium sp .. 
Phoma sp., Curvularia ramosa, Periconia circinata, Alternaria sp., 
and an undetermined fungus. 

1940- 

Fusarium culmorum, Fusarium scirpi, var. compactum, Fusarium 
moniliforme, Hclniinthosporium sativum, Fusarium spCurvularia 
ramosa , Hdminthosporium sp., Sclerotium sp., Ophiobolus 
graminis and Phoma sp. 

Over 80 per cent, of the isolations consisted of either one of 
the first three Fusarium species listed above. 

Oats—Black Wheat Stubble Soil .—Oat experiments on black- 
wheat stubble soil were conducted during the seasons 1938-1940 
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inclusive; the varieties of oats used were:—1938 and 1939 Mulga, 
1940 Gidgee. Severe drought conditions were experienced in 
1938, and the. majority of the oat plants died before reaching 
maturity. Observations indicated, however, that treatment with 
superphosphate 1 cwt. + sulphate of ammonia 56 lb. + zinc 
sulphate 15 lb. per acre, and also mineral mixture No. 4 (see 
Table 9 for composition) produced an appreciable improvement 
in growth in the early stages of development. No response was 
observed from applications of superphosphate + zinc sulphate. 

Details of the treatments sown in 1939 and 1940 are shown 
in Table 12. 

Table 12. —Results of Mineral Treatment Experiments with Oats 
Grown on Black Wheat Stubble Soil at Nhill during 1939 and 
1940, Showing the Effects of Treatments on the Root-rot Index 
and Yield. 


Treatment per Acre. 

1939. 

1940.* 

Boot Bot 
Index. 

2nd October. 

Hay Yield, 
cwt./ac. 

Grain 

Yield. 

bus./ac. 

U ntreaterl 

22-8 

28*4 

11*9 

Superphosphate 4 cwt. 



12 3 

Superphosphate 1 cwt. 

22-0 

28*4 


Superphosphate 1 cwt. 4- Zinc sulphate 10 lb. 

23-1 

29*8 


Superphosphate 1 cwt. 4- Zinc sulphate 40 lb. 

20-0 

29*6 


Superphosphate 1 cwt. + Sulphate ammonia 37 lb. 

23 3 

33*5 


Superphosphate ?, cwt. 4- Sulphate ammonia 56 lb. 



13*1 

Superphosphate 1 cwt. 4- Sulphate ammonia 37 lb. 




-|- Zinc sulphate 10 lb. 

19-4 

32*7 


Superphosphate $ cwt. 4- Sulphate ammonia 50 lb. 




-f Zinc sulphate 10 lb. 



13*5 

Superphosphate \ cwt.. 4- Sulphate ammonia 56 lb. 




4- Copper sulphate 5 lb. 



13*3 

Superphosphate i cwt. 4- Sulphate ammonia 56 lb. 




-1- Manganese sulphate 10 lb, .. 



12*7 

Mineral Mixture No. 1 

16-3 

33*4 


Mineral Mixture No, 4 

16-8 

37*9 


Mineral Mixture No. 6 

20-2 

33*6 


Mineral Mixture No. 8 



14 1 

Mineral Mixture No. 9 

2U9 

31-G 

140 

Mineral Mixture No. 10 

19*7 

30*6 

13*7 

Mineral Mixture No. 11 

17 ■ 9 

37*9 

14*6 

Mineral Mixture No. 12 



14*8 

Mineral Mixture No. 13 



15*3 

Mineral Mixture No. 14 



15*6 

Difference for significance 

6*0 

2-5 

20 


* In 1940 onJy a composite sample for disease observation was obtaiued at harvest. 
The root rot index of this sample was 43 1. 

t For compositions of the mineral mixtures used in each season, see Table 9. 


Relatively greater differences in growth were induced between 
these treatments (Plate XII., fig. 12) on stubble and similar 
treatments on fallow. These differences in growth were 
accompanied by significant decreases in the severity of root-rot 
lesions, and significant increases in the yield of hay or grain 
(Table 12). 
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The root-rot indices of the stubble oat samples were found to be 
considerably lower than those of the wheat plants grown on 
fallow. The significance of this is discussed below. 

The following fungi, in order of their relative abundance, were 
found to be associated with lesions on the roots of oats obtained 
from these experiments:— 

Dendryphmm sp., Curvulctria ramosa, Fusarium culmorum, Allernaria 
sp., and an undetermined sterile fungus. 


Discussion. 

The field mineral treatment experiments with wheat and oats 
afford confirmation of the results of the greenhouse mineral 
treatment experiments with Wimmera soil, in which, in some 
instances, improvements in growth approaching that produced by 
soil sterilization resulted from the application of certain mineral 
mixtures. In view of this result, it is obvious that the beneficial 
effect of soil sterilization on plant growth is not attributable 
solely to the destruction of soil-borne plant parasites, but rather, 
as has been demonstrated in an earlier section of this paper, to 
the increase in the availability of plant nutrients. Evidence was 
thus obtained that other elements in addition to zinc may be of 
importance in stimulating the growth of cereals on Wimmera 
black soil. The stimulation induced by the application of these 
elements was greater on stubble than on fallow soil. 

A fact of great significance is that the relative improvement in 
growth at harvest, induced by the mineral mixtures, has been 
much greater under greenhouse than under field conditions. It 
was evident that the soil moisture content had a governing 
influence on responses resulting from the application of such 
mixtures. While adequate soil moisture was at all times 
available to the greenhouse plants, the field plants, particularly 
early in the springs of 1938 and 1940, suffered periods of severe 
drought, the effects of which on the plants was dependent entirely 
on the relative growth and degrees of maturity induced by the 
various treatments. As the mineral treated plants always showed 
the greatest initial growth and earlier maturity, it was they which 
were most severely affected by periods of drought. Loehwing 
(1940) has stated that plants are very conspicuously sensitive to 
drought during the flowering period. 

Mineral treatment has been much more effective in improving 
the growth of cereals on black than on red ground. The latter 
soil differs in important respects from black soil, some of which 
are evidently limiting factors in relation to the responses induced 
by such treatments as have been applied to date; the treatments 
applied must obviously be such as to meet the particular needs 
of the soil concerned. 
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The growth of wheat and oats on black wheat stubble soil in 
the Wimmera district is normally much inferior to that obtained 
with either wheat or oats on fallow. It is of significance, 
therefore, that the stubble oat root-rot indexes shown in Table 12 
are very much lower than those obtained in the wheat treatments 
on fallow (Table 10). Another important fact is that the 
relative responses resulting from the application of certain 
nutritional treatments to wheat or oats on stubble have been 
relatively much greater than those induced by similar treatments 
in wheat on fallow. These results indicate that the poor growth 
on stubble is associated more with the inability of the plant to 
obtain an adequate supply of certain nutrients from the stubble 
soil than to the effects of a severe infestation of parasitic root-rot 
fungi. It must be emphasized that this conclusion applies for 
wheat as well as oats grown on Wimmera black wheat stubble 
soil, as the former cereal was used exclusively in the greenhouse 
experiments. The presence of wheat straw obviously did not 
increase the pathogenicity of soil-borne pathogens to the extent 
that they became a serious limiting factor to the growth of wheat 
on wheat stubble. This conclusion appears to be in contrast to 
that of Tyner (1940), who found that in greenhouse pathogenicity 
tests with Ophiobolus gram inis and Helminthosporium sativum 
the development of disease on the basal parts of wheat seedlings 
was greatest in the presence of wheat straw compost, and least 
in oat straw composts. He concluded that a greater biological 
control of the pathogens resulted from the activities of micro¬ 
organisms associated with the decomposition of oat straw than 
wheat straw. 

The number of micro-organisms is much greater in cropped 
than in fallow soil (Waksman 1931, Starkey 1931, Timonin 
1940a). Penman and Rountree (1932) also found this to 
be so under Victorian conditions. They confirmed Starkey's 
observations to the effect that the growth of the crop interfered 
with the accumulation of nitrate in the soil, the cropped soil (after 
allowances for the nitrate in the crop itself) containing less nitrate 
than adjoining fallow soil. It has been suggested (Russell 1927), 
that one of the chief causes of the depressed nitrate content of 
cropped soils is its utilization by the increased population of soil 
organisms. 

To this utilization of nitrate by organisms decomposing the 
soil organic matter is attributable the depression of nitrates which 
is a characteristic feature of Victorian stubble soils. This large 
population similarly builds into its thallus the other soil nutrients 
which are essential for its growth. After a period of fallow, 
during which the completion of the decomposition of the crop 
debris occurs, these nutrients are again rendered available to the 
plant through the autolysis of the organisms. The effect of 
fallowing, in this regard, is therefore similar in nature though 
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not in degree to that of soil sterilization. Starkey (1938) has 
found that fungus hyphae were abundant even in fallow soil. 
Therefore, the sterilization of such soils and the, subsequent 
autolysis of these organisms renders further mineral nutrients 
available to the plant. 

The above is considered to be the explanation of the much 
greater response obtained from the application of mineral 
mixtures to stubble than to fallow soils, and the increased 
availability of minerals and the relatively greater improvement 
in growth of stubble sown, as compared with fallow sown plants, 
which results from sterilization of these soils. 

These conclusions suggest the concept that a soil organism may 
have a deleterious effect on plant growth as a result of its 
saprophytic existence in the rhizosphere. It would follow that 
this effect would be greatest where the available supply of any 
nutrients was normally close to the threshold value for satisfactory 
plant growth in that soil. References to specific instances in the 
literature, where the deleterious effect of soil saprophytic 
organisms has been demonstrated, were cited earlier in this paper. 
A very brief discussion of the possible effects of changes in the 
soil reaction on the competition for the soil minerals between the 
soil organisms and the plant was also made. 

In view of the$e results, it is considered that the question of 
the effects of stubble on the occurrence of root-rot disease requires 
further examination, as it has often been assumed that ploughing 
in of stubble favours the development of the disease. The above 
experiments have shown, however, that the poor growth of plants 
on stubble may be due to a large degree, to factors other than 
the direct effects of parasitic fungi. Indeed, the antagonistic 
effects on root-rot fungi of the organisms associated with the 
decay of wheat stubble in the soil (Garrett 1934, Waksman 1937, 
Lai ^1939, Sandford and Cormack 1940) may decrease very 
appreciably the virulence of root-rot fungi in such soil. On the 
other hand, this saprophytic flora may be the indirect cause of the 
poor growth of cereals on stubble soils due to its demands on the 
available soil minerals. 

These conclusions may be important in areas such as the 
Victorian Mallee district where the ploughing in of wheat stubble 
is recommended in preference to “ burning off ” to help check the 
tendency of the soil to drift. Any immediate benefit that 
“ burning off ” may have over that of “ ploughing in ” of stubble 
may be due at least as much to the readily available mineral ash 
which is returned to the soil as a result of the former practice, 
as to any destruction of fungus inoculum. In this regard, the 
writer has often observed in the case of Wimmera black soils 
that a much better growth of stubble sown oats results on patches 
where the stubble, straw has previously been raked into small 
heaps before burning. 
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It would seem from the results of these greenhouse and field 
experiments that deficiencies of, firstly, soil moisture, and 
secondly, available soil nutrients are of more importance than the 
direct effects of root-rot fungi in limiting the growth of cereals on 
Wimmera black soil under field conditions. Lack of adequate 
soil moisture has the greatest effect on the plant immediately 
prior to and during heading. Some of the principal effects of 
soil drought on the wheat plant have, been discussed by Loehwing 
(1940) and Whiteside (1941). 

There is no doubt that physiological disturbances in the plant, 
induced by adverse changes in the moisture and available nutrients 
of the soil, profoundly affect the apparent severity of root- and 
foot-rot disease. References relating to the relationship between 
mineral deficiencies and the disease have been cited earlier. It 
has been observed in Victoria that “ dead heads ” may be very 
prevalent in wheat grown on Wimmera red soil in seasons in 
which very dry weather is experienced. These soils are lighter 
in texture than the black and have a lower moisture holding 
capacity. Similar observations on the effects of dry weather have 
been made by Schaffnit (1930), Machacek and Greaney (1935), 
Hynes (1937), Shen (1940), and others. Under such conditions, 
the nutritional relationships of the plant are not good, and the 
direct effects of the associated fungi are of secondary importance 
when compared with the effects resulting from the occurrence of 
an unfavourable plant environment during a critical period in 
the development of the plant. 

A somewhat similar conclusion has been arrived at by the 
Council for Scientific and Industrial Research (Anon. 1940). 
From experimental evidence it has expressed the tentative view 
that the “ white-head 99 condition, which in the field often 
accompanies the presence of Ophiobohis graminis in the base of 
the wheat plant, is the expression of physiological trouble 
associated with the chemical composition of the soil. In this 
regard, it should be noted that striking results in the elimination 
of “ dead heads ” in wheat have been obtained by the application 
of copper sulphate to certain areas in Western Australia (Teakle 
et al 1941). 

Such a condition is parallel to the occurrence of oat blast, which 
Johnson and Brown (1940) have demonstrated to be induced by 
any adverse influence on the normal nutritional condition of the 
oat plant, from the time the spikelets are initiated until just prior 
to the emergence of the panicle. 

It has also been shown that adverse environmental factors 
immediately prior to and during heading may profoundly influence 
the response of cereals to fertilizer treatments. 

The fact that the presence of parasitic fungi in the roots of 
cereals is often accompanied by more or less severe symptoms of 
disease in other parts of the plant does not necessarily mean, 
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therefore, that such symptoms are the direct result of the presence 
of the, parasite in the roots of the plant. It has been shown that 
in some instances at least, they are more the outward expression 
of physiological disturbances in the plant induced by an 
unfavourable environment, than the results of the attack of 
parasitic organisms. Where the environment is favourable for 
plant growth, the presence of the, root parasite may not have any 
observable effect on the growth and yield of the plant. Such a 
case has been recorded by Samuel and Greaney (1937). They 
isolated Fit sari uni culmorum from the roots of very healthy wheat 
plants in crops in various parts of England. Some of the 
isolations when tested out in the greenhouse proved pathogenic. 

Similarly, the writer has freely isolated Fusarium culmorum, 
Helminthosporium sativum, Curvularia rarnosa and a number of 
other fungi from the roots of otherwise healthy plants, growing 
in one instance in a crop which yielded almost 60 bushels per acre. 

As Samuel and Greaney have pointed out, much work has been 
directed towards the status of such fungi as parasites, and that 
only recently has attention been paid to their status as weak 
secondary parasites. A full knowledge of the predisposing factors 
encouraging parasitic action is obviously essential to facilitate the 
solution of the problem of the control of foot- and root-rot 
diseases of cereals. The compilation of Beeson (1941) has shown 
the important influence of soil type on the mineral composition 
of plants. This aspect, as it affects the root-rot problem, has 
received little attention from pathologists. 

The results of other research work relevant to the above 
conclusions have been exhaustively reviewed by Garrard and 
Lochhead (1938), Garrett (1939), Sandford (1939), and 
Simmonds (1939). 

Root-rot of cereals, as it occurs in the Wimmera district of 
Victoria, cannot be regarded simply as due to the attack of a 
single organism, but rather to a complex of organisms. It 
follows from the foregoing that unless the physical, chemical, and 
biological conditions of the soils were comparable, the results 
of greenhouse pathogenicity tests with a fungus selected from a 
complex of foot- or root-rot fungi, would have little or no 
relation to the effects of the same organism under held 
conditions. 


Summary. 

Using purified synthetic nutrient solutions, the elements 
manganese, copper, zinc, and iron were found to be essential for 
the growth of three of the, root-rot fungi occurring in Wimmera 
black soil, namely, Fusarium culmorum, Helminthosporinm 
sativum, and Curvularia rarnosa . 
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Amino nitrogen improved the yields of F. culniorum and 
C. ramosa, but caused sectoring in H. sativum. The growth of 
the latter fungus was stimulated by the addition of vitamins Bi, 
C and nicotinic acid to the nutrient solution. 

Steam sterilization of Wimmera black fallow soil resulted in 
a very appreciable improvement in the growth of wheat, but 
concomitantly exercised a deleterious effect on the response of 
the plants to the application of zinc sulphate. Analyses of the 
plants showed that this effect may actually be associated with an 
excess of zinc in the plant, as it was found that the calcium, 
potassium, phosphorus, manganese,, zinc, copper and nitrogen in 
the soil had become more available to the plant as a result of the 
sterilization of the soil. The percentage of iron in the plants 
was reduced by sterilization. Similar changes in the availability 
of minerals resulted from the sterilization of Wimmera red fallow 
soil. 

Steam sterilization had no effect on soil reaction. Formalin 
sterilization induced a similar or better improvement in growth 
to steam sterilization. 

Comparative analyses of wheat plants grown on Wimmera 
black and red fallow soils respectively showed that on the latter 
type of soil the plants contained the highest phosphoric acid 
(P 2 0 5 ), zinc and copper, and the lowest lime (CaO), potash 
(ICO), iron and manganese percentages. 

The zinc responsiveness of Wimmera black soil, which is 
destroyed by steam sterilization, can be re-established by 
inoculating such sterilized soil two months prior to sowing with 
bacteria normally occurring in unsterilized soil. The re-inocula¬ 
tion of sterilized black fallow soil with some of the fungi and 
bacteria normally present in unsterilized soil, or with 1 per 
cent, of unsterilized soil two months before sowing, had no 
significant effect on the mineral composition of the plants four 
weeks after germination, but decreased the percentages of 
phosphoric acid (P 2 0 5 ), potash (ICO), magnesia (MgO), zinc 
and manganese in the plant at eight weeks after germination. 

At this time, however, the general nutritional level of the plants 
grown in the re-inoculated soil was still much higher than that of 
plants growing in unsterilized soil. 

The increase in plant growth resulting from soil sterilization 
has been relatively much greater on Wimmera black wheat stubble 
soil than on comparable fallow soil. Similarly the responses to 
the application of mineral mixtures under both field and 
greenhouse conditions have been greater on black stubble soil than 
on fallow soil. During the growth of the plant up to the heading 
stage, the improvement induced by the addition of the mixtures 
to stubble soils under greenhouse conditions has in some instances 
been equal to or even better than that resulting from soil 
sterilization. After this stage the sterilized soil plants usually 
showed best growth. 
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It follows that the normally poor growth of oats or wheat 
obtained on Wimmera black stubble soils is attributable less to the 
occurrence of root-rot infection, than to the inability of the plant 
to obtain an adequate supply of nutrients from the stubble soil. 

Whereas the, inclusion of the elements magnesium, copper, 
cobalt, molybdenum, nickel and boron in the mixtures applied 
to black fallow soil significantly depressed the yield, their addition 
to the stubble soil mixtures caused an appreciable increase in the 
weight of dry matter produced. The process of fallowing 
Wimmera black soil evidently increases the availability of some 
at least of the elements listed above and renders undesirable the 
addition of further amounts of them to the soil. 

These results suggest that soil-inhabiting organisms may effect 
the growth of the plant indirectly by using the soil nutrients for 
their own vital processes, thus reducing the amount available to 
the plant. The effects of this competition on plant growth would 
be most marked where the available supply of any particular 
nutrients normally approached the threshold value for satisfactory 
plant growth in that soil. This develops the concept that a soil 
organism may have a deleterious effect on plant growth because 
of its saprophytic existence in the rhizospliere. 

Environment v has an important effect on the nutritional 
requirements of the plant. Under greenhouse conditions the 
relative improvement in growth resulting from mineral treatment 
was greater than under field conditions where the incidence of 
rainfall in relation to heading was found to be of fundamental 
importance in determining the relative differences in yield induced 
by mineral treatment. 

In the case of Wimmera red fallow soil the relative improvement 
in growth produced by the application of mineral mixtures was 
not as great as that obtained on black fallow soil, indicating that 
any mineral treatments applied must be such as to meet the 
particular needs of the soil concerned. 

In the field, increased growth resulting from the application 
of mineral mixtures to wheat and oats on Wimmera black soil 
was accompanied by significant decreases in root-rot. Numerous 
fungi were associated with root-rot lesions on cereals in the 
Wimmera district of Victoria. 

As the real effect of root-rot fungi on the growth of the plant 
may be considerably less than their apparent effect, it is of great 
importance to distinguish between symptoms caused by physio¬ 
logical disorders in the plant induced by unfavourable 
environmental factors and those caused by the direct effects of 
foot- and root-rot organisms. The alleviation of the physio¬ 
logical disorders will appreciably decrease the apparent severity 
of the foot- and root-rot diseases. 
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Explanation of Plates. 

Plate X. 

Fig. 4.—Mineral deficiency experiment with Curvularia rampsa, showing the appearance 
of the cultures after incubation for six days at 25°C. 

Fig. 5.—Showing the effects of soil sterilization and treatment with zinc sulphate 
respectively on the development of wheat grown in Wimtnera black fallow soil 
at Burnley during 1938. Note improved growth due to soil sterilization. 
Maturity stimulated by the zinc sulphate application to unsterilized soil and 
retarded by a similar treatment to sterilized soil. 

Fig. 6.—Showing comparative effects of soil sterilization and mineral treatment on growth 
of wheat on Wimniera black wheat stubble soil at Burnley during 1939. 
Photographed nine weeks after germination. 

Plate XT. 

Fig. 7.—Showing the comparative effects of soil sterilization and mineral treatment 
on the growth of wheat on Wimmera red fallow soil at Burnley during 1940. 

Fig. 8.—Representative samples of plants obtained 12 weeks after germination from 
wheat experiment on black fallow soil at Nhill during 1939. Note very 
improved growth of the mineral mixture at this stage. 

Fig. 9.—Rootlet from wheat plant grown in Nhill black soil showing breaking at 
regular intervals of tissue outside the vascular area. 

Fig. 10.—Conidiophore and spore of a previously undescribed fungus, tentatively 
referred to the genus Dcndryphium, which is commonly associated with root-rot 
lesions on cereals grown in Wimmera black soil. 


Plate XII. 

Fig. 11.—“Dead heads” in wheat growing on Wimmera red fallow soil. 

Fig. 12.—Representative samples of plants obtained 18 weeks after germination from 
the oat experiment sown at Nhill in 1939 on black wheat stubble soil. 
Treatments as indicated. Note the improvement in growth induced by Mineral 
Mixture No. 4. 


[Proc. Roy. Soc. Victoria, 54 (N.S.), Pt. II., 1942.] 

Art IX .—The Heavy Minerals of Some Victorian Granitic Rocks . 
By GEORGE BAKER, M.Sc. 

[Read 13th November, 1941; issued separately 31st August, 1942.] 


Introduction. 

The heavy mineral assemblages and index numbers (ratio of 
heavy to light minerals by weight) of granitic rocks have been 
examined in considerable detail in other parts of the world during 
the past few years, but little work of this nature has hitherto 
been carried out with Victorian granitic rocks (see 1, 3, 4, 6 
and 68). Over 100 Victorian granitic rocks were therefore 
selected for heavy mineral examination. The greater number 
of these are granites, and the total treated represents almost one 
half of the localities where granitic rocks occur in Victoria. 
Previously it was stated that most of the acid plutonic rocks of 
Victoria were granodiorites (66, p. 295), but outcrops of granite 
are more common than was originally thought, although the 
total areal distribution of granodiorites may be the greater. 

Most Victorian granitic rocks occur as stocks or batholiths. 
Their distribution is shown on the accompanying map, the extent 
and shapes of the exposures being modified from the sixteen 
miles to one inch geological map of Victoria (1909). 

The specimens examined were obtained from surface outcrops, 
and little field data is available regarding the levels in the 
intrusions that such positions represent. Attempts have been 
made to correlate certain of the Victorian granitic masses and 
to differentiate others. Only partial success has been obtained in 
correlation, as more often there are greater differences than 
similarities between the various granitic rocks. The heavy mineral 
investigations indicate the occurrence, distribution and concentra¬ 
tion of the heavy accessory minerals in greater detail than can 
be obtained by the examination of thin sections of rocks. In thin 
sections heavy accessories are seldom sufficiently concentrated to 
permit comprehensive observations, and many are often not seen 
or are passed over. It has been said for example, that sphene 
is generally absent from most Victorian granitic rocks (74, p. 
33), but sphene has been found in the heavy mineral assemblages 
of over one third of the examples (see fable 5). 
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Classification of the Granitic Rocks Examined. 

The nomenclature of the granitic rocks is based mainly upon 
thin section investigations, accompanied in some instances by 
chemical and micrometric analyses carried out by previous 
workers. Specimens employed from hitherto undescribed out¬ 
crops have also been named from thin sections, aided in several 
instances by partial Rosiwal micrometric analyses (Table 1), 
The earlier nomenclature of a few examples has been modified 
in the light of more detailed examinations. Thus the Dromana 
stock, originally regarded as syenite (40) and later as granodiorite 
(49), proves to be a granite (3). The outcrop at Big Hill near 
Bendigo has been called granite (22), but the excess of plagio¬ 
clase over orthoclase, and the high index number considered in 
conjunction with thin section examination, place it preferably 
with the granodiorites. 


Table 1. 


Locality. 

Ratio of orthoclase 
to plagioclase. 

1. Upper Beaconsfield 

1.0 

2.3 

2. Zumstein’s Crossing, Grampians 

1.0 

1.6 

3. Narre Warren^ 

1.0 

1.6 

4. Kerrisdale 

1.0 

1.5 

5. Oliver’s Hill, Frankston 

1.0 

1.4 

6. Mt. Baw Baw 

1.0 

1.4 

7. Big Hill, Bendigo 

1.0 

1.3 

8. Gong Gong, Ballarat 

1.0 

1.3 

9. Dromana 

1.4 

1.0 

10. Terip Ter ip 

1.8 

1.0 


The ratios of orthoclase to plagioclase for Nos. 2 to 8 in Table 
1 are intermediate between the true granodiorites and the so- 
called adamellites according to Hatch’s classification (36, p. 165 ), 
and the rocks should therefore be regarded as adamellites. Many 
other Victorian granitic rocks classed as granodiorites fall into 
a similar category, but as the term “ adamellite ” has been dis¬ 
allowed by the Petrological Nomenclature Committee, and as 
such rocks possess relatively high index numbers (see Table 5). 
it is preferred herein to classify them as granodiorites. In like 
manner, granitic rocks from Harcourt, Ingliston, Irawool (67) 
and Broadmeadows (65), previously classed as adamellites, 
should be classed with the granodiorites, unless as at Trawool 
(5), they prove to be contaminated granites. The original nomen¬ 
clature of these four rocks is retained in this paper for present 
purposes, but the adopted scheme for the other granitic rocks 
is to regard those with excess of orthoclase as granites, and 
those with excess plagioclase as granodiorites. 
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The available micrometric and chemical analyses of Victorian 
granitic rocks, most of which have been examined for heavy 
minerals, are set out in the following tables (Tables 2 and 3) :— 


Table 2.—Table of Micrometric Analyses of Some Victorian . 
Granitic Rocks. 



Granites. 

Granodiorites. 

1. 

2. 

3. 

4. 

5 


6. 

1 


8. 

9. 

10. 

11. 

12. 

Quartz .. 

34 • 

8 

32 

0 

29-9 

28 

7 

32 

1 

35 

8 

L 

4 

33 2 

23-5 

26 

3 

28 

1 

27'7 

Orthoelase 

33 

9 

34 

7 

34 1 

34 

8 

15 

1 

21 

7 

37 

0 

16'3 

17-4 

6 

6 

12 

4 

23 3 

Plagioclase 

24 

9 

25 

6 

191 

25 

5 

40 

6 

28 

6 

39 

9 

3) '6 

39'0 

38 

1 

34 

5 

32'8 

Biotite .. 

4 

3 

5 

7 

6‘ 5 

8 

8 

7~ 

2 

II 

4 

12 

o 

28 e 

15‘5 

27 

3 

24 

0 

12 1 

Hornblende 

1 

5 




1 

3 

5 

2 

0 

1 

1 0 

0 


4'6 





25 

Accessories 

0 

6 

2 

6 


0 

9 



2 

4 

1 0 

3 

2'3 

- 

1 

7 

1 

0 

1-6 

Cordierite 





6'8 






. 



. . 







Muscovite 





3-6 








*• 









1.—Dromana (3). 2.- Powelltown (6). 3.—Terip Terip (5). 4.—You Vangs (1). 
5.—Mt. Leinster (16). 6.—Oliver’s Hill, Frankston (3). 7.—MX. Eliza (59). 
8.— Powelltown (6). 9.—Upper B^aconsfield. 10.—Braemar House, Macedon (25). 
11.—Warburton (25). 12.—Mt. Baw Baw. 

Ill Table 3 (and also in fig. 2), a — r = granodiorites (including 
the so-called adamellites), and a — y = granites. 

a —Cavendish Heights, Toomuc Valley, Lysterfield Hills. 

b —Braemar (Clyde) House, Macedon (60). 

c —Scotchman’s Creek, Warburton (25). 

d —Omeo. 

e —Bulla (69). 

f —Yackandandah (68). 

g —Broad meadows (65). 

7;—Talbot Drive, Marysville (37). 
i —Belgrave. 

j —Quarry Hill, Morang (F. J. Watson, anal.). 
k —Hesket (60). 

/—Mt. Eliza, Mornington Peninsula (59). 
m —Tintaldra (28). 
n —Mt. Leinster (3 6). 
p —Trawool (67). 
q —Harcourt (67). 
r —Ingliston (67). 

s —Lake Boga (F. F. Field, anal.). 
t —Gabo Island (67). 
u- —Mt. Buffalo (21). 
v —Mt. Mittamatite (28). 
w —Dog Rocks. Geelong (67). 

3'—Cape Woolamai (67). 

From chemical analyses, Tattam classifies the Yackandandah 
rock (Table 3, column “ f ”) as granite (68, p. 26) ; the sample 
from this district used in the heavy mineral analysis is classified 
as granodiorite because of the high index number, the high 
specific gravity, and the mineralogical composition. Both granite 
and granodiorite are recorded within a short distance of one 
another at Yackandandah (40, p. 221). 1 he Tintaldra rock 
(Table 3, column “m ”) is classed with the granodiorites on heavy 
mineral evidence, although it has been stated from chemical 
analysis that it is as distinct from the granodiorites proper as 
from the granites proper (28). 









































Table 3.—Chemical Compositions of Some Victorian Granitic Rocks. 
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Heavy Mineral Content of the Granitic Rocks. 

The heavy mineral assemblages, index numbers and specific 
gravities of the granitic rocks are set out in Table 5. In most 
instances, rocks with higher index numbers have greater specific 
gravities; exceptions are mainly attributable to alteration. It is 
found that the average specific gravities of the Victorian granitic 
rocks listed in Table 5 are lower than the averages for granites 
and granodiorites quoted by Daly (20, p. 47) :— 


Table 4. 



Range in Specific 
Gravities (Daly). 

Range in Specific 
Gravities. 
(Victoria). 

Average 

Specific 

Gravities. 

(Daly). 

Average 

Specific 

Gravities. 

(Victoria). 

Granites 

2-516-2-809 

2•53-2■69 

2-667 

2-62 

Granodiorites 

2-668-2-785 

2’58-2’76 

2-716 

2-67 


Explanatory Notes on Table 5. 

The heavy minerals listed in Table 5 were obtained by crushing 
representative rock from each locality, and separating in bromo- 
form of 2-88 specific gravity (50, p. 40). The weight per cent, 
of the heavy minerals (i.e. the index number) was calculated 
from the weights of the light and heavy fractions. The index 
number for each granitic rock is not an absolute value, since 
despite care in sampling and crushing the rocks, clean separations 
into individual grains could not be always obtained, and during 
separation into light and heavy fractions in bromoform, larger 
fragments of light minerals sometimes carried up small attached 
fragments of the heavy minerals, and heavy minerals sometimes 
carried down fragments of light minerals. The index numbers 
obtained are useful for purposes of correlation and differentiation, 
however, because similar conditions were more or less maintained 
throughout the heavy mineral separations, and any slight dis¬ 
crepancies affect all the results to similar degrees. 

The distribution of the heavy minerals is indicated in Table 5 
by means of letters. Similar sets of letters are employed through- 
' out the table, but only those assemblages with similar index 
numbers possess comparable amounts of any particular mineral 
species, when the letters are the same in each. For each assem¬ 
blage A (very abundant) indicates a species which is dominantly 
present, r (rare) indicates 7 to 24 per 2,000 grains, and V (very 
rare) represents a species with 1 to 6 per 2,000 grains present. 
The letters a, C and o represent varying concentrations between 
the above extremes. This method of representing the mineral 
concentrations is only partially quantitative, and as Taylor has 
shown, has its limitations as inaccuracies may arise from personal 
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errors when the minerals are classed into such categories (as in 
Table 5) by eye estimation, instead of by the method of counting 
grains (71, p. 687). 

The letters accompanying similar numbers after the locality 
names at the head of the table, refer to different rock types from 
the same area. 

The Grouping and Origin of the Heavy Minerals. 

The heavy minerals are grouped into (A) heavy essential 
minerals, and (B ) heavy accessory minerals. The heavy essential 
minerals are ferromagnesian silicates, which, because of their 
variation in granitic rocks, Marsden considers should be excluded 
when correlating such rocks by heavy mineral methods (47, p. 
134). They are included here, however, because of their influence 
upon the index numbers, and because they are frequently of use 
in comparing and distinguishing isolated granitic outcrops. A 
sudden rise of index number in the granitic rocks is invariably 
due to increase in ferromagnesian minerals as has also been 
found by Groves (35, p. 472). 

The heavy accessory minerals are those which are present in 
such small quantities that they are best studied by methods 
involving concentration rather than by thin section methods (76), 
and they have been subdivided into groups in Table 6 on their 
probable modes of origin. Combining the ideas relating to the 
genesis of the various heavy mineral species (51, 54, 72, 77, etc.), 
and using Wells’ classification (73) as a basis, the heavy minerals 
obtained from Victorian granitic rocks are grouped as follows. 

Table 6. 

A. Heavy Essential Minerals—biotite, hornblende, white mica. 

B. Heavy Accessory Minerals— 

1. Normal or primary minerals (developed independently of a high flux content, 

and usually early products of crystallization)— 

apatite, zircon, ilmenite, magnetite, rutile, gold, pyrite, pyrrhotite (and 
some sphene, orthite, andalusite and sillimanite). 

2. Pneumatolytic minerals (developed by flux concentration, and formed late in 

the cooling history of a magma) — 

tourmaline, topaz, fluorite, brookhe, molybdenite, pyrite, anatase, 
cassiterite (and some rutile and apatite), 

3. Products of Contamination (developed by the addition of foreign material 

and formed as products of assimilation or introduced as xenocrysts)— 

andalusite, garnet, sillimanite, diopside, augite, corundum, hypersthene, 
actinolite, spinel (and some orthite and sphene). 

4. Secondary minerals (produced by weathering or replacement, and formed at 

the expense of the primary minerals)— 

epidote, zoisite, chlorite, hematite, limonite, leucoxene (and some white 
mica and sphene). 

This grouping has its limitations, because it is impossible to 
tell in contaminated granitic rocks how much of the biotite and 
hornblende is primary, and how much is due to contamination. 
Groves (33, p. 224),' Brammall (10, p. 45), Stark and Barnes 
(64, p. 348) and Grantham (32, p. 306), all regard a certain 
amount of the hornblende in granitic rocks examined by them 
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as being derived from the assimilation of foreign rocks. The 
author has indicated a similar mode of origin for some of the 
hornblende at the You Yangs (1) and at Dromana (3). 

Biotite and hornblende have most effect on index number 
variation in Victorian granitic rocks. The hornblende is more 
abundant in granodiorites than in granites, and is usually sub¬ 
ordinate to biotite, although in the Selby granodiorite, these two 
minerals are present in approximately equivalent proportions. 
High biotite content in the Victorian granitic rocks is usually 
accompanied by a low percentage of hornblende. The paucity of 
these two minerals in one granite compared with another may 
mean that one is less contaminated. 

White mica occurs in some of the granitic rocks as a primary 
constituent (muscovite) as at Springhurst, Mt. Korong, Lake 
Boga, Pyramid Hill, Mt. Wills, Wooroonook and Mt. Wyche- 
proof. In others, it is secondary and developed from the alteration 
of cordierite, or is bleached biotite. 

Among the heavy accessory minerals, sphene may be primary 
or secondary or a product of contamination, and the relative 
abundance of these types cannot be determined in the heavy 
assemblages or in thin sections. Groves (33, p. 224) and Wells 
(73, p. 260) concluded that much of the sphene in granitic rocks 
is due to assimilation, although Boos (8) and Brammall and 
Harwood (12) have described occurrences where it is secondary. 
Sphene is regarded as one of the chief diagnostic minerals in 
heavy residues by McAdams (48), but is not of such importance 
in Victorian granitic rocks on account of its threefold mode of 
origin (see Table 6). It occurs more commonly in granodiorites 
than in granites, and more abundantly in hornblende-rich types. 

The rare occurrences of gold in Victorian granitic rocks 
probably have a similar origin to those at Dartmoor, England, 
where scattered specks are regarded as primary (9, p. 253). A 
pyrogenic origin is conceded for rutile at Dartmoor by Brammall 
and Harwood (11, p. 205). As there is no evidence of any other 
mode of origin of this mineral in Victorian rocks, it is classed 
with the primary accessories; it is as rare in Victorian as in 
British granitic rocks (33 and 46). Since anatase and brookite 
are regarded as having been formed during pneumatolysis (13, 
p. 22), they are here classified as pneumatolytic accessories as 
has been done by Wells (73) and Taylor (70). Anatase may be 
a secondary accessory, however, as shown by Smithson (61), but 
since both anatase and brookite are very rare in Victorian 
granitic rocks (see Table 5), only a few grains of anatase and 
one grain only of brookite having been noted throughout the 
assemblages, the mode of origin is indefinite. 

The sulphide minerals occur in several groups of the heavy 
accessories in granitic rocks. In a few Victorian granitic rocks 
(e.g. Merrijig), pyrite along joint planes is of pneumatolytic 
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origin, likewise pyrrhotite in granodiorite from Morang. Widely 
scattered grains of pyrite in many of the granitic rocks are 
primary, being remote from any visible veins in rocks unaffected 
by pneumatolysis, and are thus comparable with occurrences in 
the Shap granite in England (32, p. 305). 

Andalusite of both contamination (16, p. 225) and of pyrogenic 
origin (38). has been recorded in Victorian granitic rocks, while 
corundum is known in Victoria as a product of contamination 
at the You Yangs (1) and at Powelltown (6). Garnet in acid 
plutonic rocks has been regarded as a product of assimilation 
(1, 12, 24, 26, 37, 68 and 73), and it is therefore grouped here 
among the contamination accessory minerals although Brammall 
and Harwood record some garnet as primary (15, p. 52). 
Hypersthene has been recorded from Scottish granites as occur¬ 
ring under conditions that exclude contamination by basic rocks 
(46, p, 32), but is classed with contamination accessories in Vic¬ 
torian granitic rocks because where present it occurs as xeno- 
crysts derived from the incorporation of dacite xenoliths. This 
mineral is primary, however, in a two-pyroxene quartz diorite 
from Granite Flat in Victoria (27). 

Most of the orthite (allanite) in Victorian granitic rocks is 
of contamination origin, but some occurrences are probably 
primary (2). Spinel is grouped with the primary accessories by 
Niggli (52, p. 15), but this genesis is considered from its occur¬ 
rence in basic rather than in acid rocks, since spinel crystallizes 
from a magma low in silica. In granitic rocks, spinel is a con¬ 
tamination accessory mineral, developing near contacts with wall 
or roof rock (73), and meagre occurrences of this mineral as 
xenocrysts or as armoured relics associated with sillimanite in 
cordierite crystals (e.g. as in the Piper’s Creek granite near 
Kvneton ) , are known in Victoria. 

The method of grouping the remaining minerals in Tables 5 
and 6 requires no further comment, since their modes of origin 
in the crystallization of granitic magmas are generally accepted. 

Zircon is the most abundant and most widespread of all the 
accessories in Victorian granitic rocks, being equally developed 
in granites and granodiorites. Some varieties like the coloured, 
the zoned (14 and 19), and the corroded crystals (75), as well 
as those containing inclusions (17) and types with a “ torpedo ” 
habit (1 and 45V are listed in Table 5. In addition to these, 
rare acicular crystals occur at Powelltown (in the granite) and 
at Xayook West (6), distorted crystals (31 and 53) at Tynong 
and Mt. Beenak, parallel growths (34) at Cape Everard, Mt. 
Beenak, Longwood, Yackandandah and the You YYmgs (1, p. 
130, fig. 2d), pyramidal crystals and stout, stumpy crystals at 
Mt. Eliza, the You Yangs (1) and Oliver’s Hill near Frankston, 
and rare crystals with outgrowths (18) at Gong Gong near 
Ballarat and Big Hill near Bendigo. Most of the zircons show 
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the normal crystal forms (110 and 111); rare rounded (water- 
worn) examples are probably xenocrysts. 

Apatite is next in abundance to zircon among the primary 
accessory minerals. It is more common in granodiorites than in 
granites, and is frequently of greater abundance in hornblende- 
rich types. The presence of corroded crystals of apatite among 
the heavy mineral assemblages, indicates that apatite is sometimes 
attacked during the magmatic history of a rock (55, p. 218), and 
is therefore not as stable an accessory constituent of granitic 
rocks as suggested previously (33). In some assemblages, the 
occurrence of small apatites as clear rods and grains without 
inclusions, as well as fragments of larger crystals of apatite with 
few inclusions, and sometimes with corroded faces, may indicate 
two generations within the same rock. About a third of the 
granitic rocks examined contained apatite crystals with coloured 
(pleochroic) cores (4 and 62), and these are listed in Table 5. 
Apatite becomes subordinate in Victorian granitic rocks with 
increase of fluxes, and if present as a common constituent in the 
same rock as white mica, the latter is invariably the. variety 
derived from the bleaching of biotite, as in the granodiorite from 
Tawonga. 

Of the iron ore accessories, ilmenite is more common in the 
granodiorites than in the granites, but is never abundant in any 
one assemblage. Magnetite is less widely spread than ilmenite, 
but is more abundant in certain individual samples, especially 
hornblende-rich rocks. Magnetite and ilmenite are never abun¬ 
dant together in the same assemblage, if one is common the other 
is subordinate or wanting. 

A characteristic feature of the heavy mineral assemblages 
obtained from hornblende-rich granitic rocks is the marked 
occurrence of epidote, sphene, magnetite or ilmenite (usually 
magnetite), and greater quantities of apatite. This association 
is most pronounced among the heavy mineral assemblages of 
granodiorites in which hornblende is recorded as abundant or 
very abundant (see Table 5), and in which the index number s 
exceed 11. Such granodiorites are therefore richer in lime and 
iron than the normal granodiorites, and the occurrence of epidote 
or secondary spheneor both, indicates considerable late mag¬ 
matic changes. 

Pneumatolytic accessories in Victorian granitic rocks aie moie 
abundant and more varied in the granites than in the grano¬ 
diorites, but no assemblage has a comparable wealth of pneumato¬ 
lytic minerals as is contained in the Eskdale granite of Cumber¬ 
land, England (56). They are regarded as next m importance 
to the stable primary accessory minerals for correlating granitic 
masses (33, p. 235). Tourmaline is the most widespread, being 
sufficiently common in a few examples to be classed as an 
auxiliary mineral (42, p. 28). Cassiterite was only recognized 
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in the assemblage of the Mt. Lar-Ne-Gerin granite, but has been 
recorded in the field from Everton (23, p. 15) and Wilson’s 
Promontory (29 and 58). The remaining pneumatolytic acces¬ 
sories are confined to a limited number of Victorian granitic 
rocks, and are seldom well represented in any one. 

Relationship of Index Number to Composition. 

The relationship between index number and composition of 
chemically analysed Victorian granitic rocks is indicated in fig. 2, 
where the full circles represent granodiorites (including the so- 
called adamellites), and the full squares represent granites. 

The results show a direct relationship between chemical com¬ 
position and index number. FeO. Ti0 2 , CaO, MgO and A1 2 0 3 
increase with rise of index number while Si0 2 decreases. The 
index number is of value in the granitic rocks in providing 
quantitative data of the relationship between heavy (i.e. mostly 
ferromagnesian) and light (i.e. mostly quartz and felspar) 
minerals, and is regarded as useful for purposes of comparison 
or correlation, and for the detection of contamination and 
differentiation (33, p. 236). Consequently by reference to fig. 2, 
the heavy mineral index number provides a basis for estimating 
the approximate chemical composition of an unknown specimen. 

Range of Index Numbers of the Granitic Rocks. 

The ranges in the index numbers of all the granitic rocks 
analysed by heavy mineral methods, are set out in fig. 3, where 
separation into different categories is based on the classification 
of the rocks from thin section studies, micrometric analyses and 
chemical analyses. 

The range in the index number for aplites (2-1—4*3) is 
about centrally placed with respect to the range for normal 
granites (0*6 — 7); these are high values for aplites generally, 
because those examined are special types containing an abundance 
of andalusite or tourmaline. Normal aplites have smaller index 
numbers ranging as low or lower than the least value for the 
granites. 

The index number increases as the normal granites pass 
laterally into a region of contaminated granites (7—13*5), 
Varieties of the granitic rocks originally regarded as adamellites 
have index numbers comparable with either those of contaminated 
granites or with those granodiorites with the lower index numbers. 
These so-called adamellites fall into a group representing 
transition types between true granites and granodiorites proper. 
The index numbers of the granodiorites are still higher and 
range towards, but do not reach the values for diorites. As in 
the granite group, higher index numbers result from contamina¬ 
tion of the granodiorite magmas by assimilation of foreign 
material. The index numbers of two dioritic rocks included in 





Graphs showing the Relationship between Index Number and Chemical Composition. (Letters on diagram refer to the same 

rocks as in Table 3.) 
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fig. 3, show sudden increases upon the values for granodiorites, 
owing to their greater percentages of essential, primary ferro- 
magnesian minerals. 

2 DIORITES 

37 GR A NOOIORI TES 

4 ADA MEL LUES 

59 GRANITES 

3 APLIT ES 

INDEX NUMBER 

p IG 3 # —Diagrammatic representation of the range of index numbers of some Victorian 

granitic rocks. 



Index numbers over 7 in Victorian granites (e.g., You Yangs, 
Tynong and Garfield), and over 15 in granodiorites (e.g. Powell- 
town, etc.), indicate considerable contamination. In the Buck- 
rabanyule outcrop* (index number = 25) for instance, the high 
value of the index number is due to a local concentration of 
ferromagnesian minerals, and is higher than in other parts of 
this intrusion. It thus represents a contaminated portion (39. 
p. 220) and has dioritic affinities. Of the other contaminated 
granodiorites in Victoria that were investigated, the index 
numbers do not reach 20, and there is thus a considerable gap 
between them and the lower figures for diorites. Rocks with 
index numbers between 30 and 40 in Victorian igneous intrusions, 
are true diorites. 

Deductions from the Heavy Mineral Analyses. 

Investigations by previous workers in the province of heavy 
minerals show that the nature of the heavy minerals and their 
distribution in granitic rocks, depend upon such factors as the 
original composition of the magma, the stage of differentiation 
attained, the types of intruded country rocks and the amount 
of assimilation and sinking of contamination products. A study 
of the heavy mineral suites of granitic masses therefore assists 
in determining whether granitic masses are comagmatic or un¬ 
related, to what extent they have been contaminated, and in 
some instances what types of rocks were absorbed into the 
magmas. Comagmatic masses should possess similar primary 
heavy minerals, and higher index numbers would be obtained 
nearer the roofs of intrusions if appreciable assimilation had 
occurred and provided that sinking of contamination products 
was not great. If heavy materials added to the granitic magmas 
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had sunk to any great extent, higher index numbers should occur 
in lower levels of the intrusions, although at depth, the attain¬ 
ment of equilibrium will probably have removed excesses such 
as those in evidence nearer contacts with country rock. The 
content of pneumatolytic heavy accessories, frequently missed 
in thin section examinations when scarce, indicates whether or 
not the intrusions were rich in mineralizers, but as fluxes con¬ 
centrate near the roofs of intrusions, the absence of pneumato¬ 
lytic accessories from any outcrop may be a direct consequence 
of deroofing, and therefore not then attributable to an original 
sparsity of mineralizers. 

An examination of the effects' of these processes upon those 
Victorian granitic rocks analysed by heavy mineral methods, 
results in the following observations :— 

Contamination Effects .—The contamination of many Victorian 
granitic rocks is indicated by their content of xenoliths, by the 
occurrence of high index numbers, and by the presence of con¬ 
tamination accessory minerals. These three factors, although 
intimately dependent upon one another, are not necessarily all pro¬ 
nounced in the one rock type. Thus among the contamination 
accessories, the mineral garnet, although rare, is widespread in 
the heavy mineral assemblages of the Victorian granitic rocks, 
but all rocks with garnet do not have high index numbers (see 
Table 5). The prominence of ferromagnesian minerals in some 
examples results in increased index numbers, and although such 
granitic rocks may sometimes contain abundant xenoliths, heavy 
contamination minerals added to the magma may not be distinctive 
as such in the assemblages, since they may have been made over 
to mineral species comparable with those already crystallizing 
from the magma. In such examples, contamination results in 
the addition of unknown amounts of minerals like the ferro¬ 
magnesian silicates. Even though some of the granitic rocks 
have low index numbers (see fable 5), and would therefore 
appear to be only slightly contaminated, several of them contain 
foreign xenoliths in various stages of mechanical disintegration 
and chemical digestion. Their low index numbers probably result 
from the continual removal of excess foreign material by con¬ 
vection currents within the magmas. In general, however, the 
granitic rocks with the greater index numbers contain more 
xenoliths than those with lower index numbers, except for special 
examples to be discussed later under Pneumatolysis. From xeno¬ 
liths incorporated in the granitic magmas, minerals such as biotite, 
hornblende, sphene, orthite, garnet, diopside, augite, hypersthene, 
corundum, water worn zircons, andalusite, sillimanite and non 
ores are added to the magmas as xenocrysts. by mechanical dis¬ 
integration or as products of chemical digestion. 

Some Victorian granitic rocks contain numerous xenoliths, 
some have fewer xenoliths but high index numbers (excluding 
those due to pneumatolysis), and others have contamination 
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accessories but low index numbers with few remnants of xeno- 
liths. It is therefore concluded that the majority of them have 
been subjected to contamination by the addition of foreign 
material ; some like the You Yangs, Tynong and Garfield granites 
to greater extents than others. Contamination is probably the 
main factor governing the variability of index number in Vic¬ 
torian granitic rocks. 

Variation of index number within the same plutonic body is 
sometimes due to contamination by assimilation, as shown by 
Groves in the Channel Islands granites (33, p. 224). From 
present knowledge of heavy mineral relationships in Victorian 
intrusions, there is only one, the You Yangs granite (1), that 
shows evidence of greater assimilation at the margins and in 
higher portions. This is reflected in the index numbers which are 
generally greater at higher than at lower altitudes for central 
portions of the outcrop, and greater nearer the edge of the mass 
than in central parts at the same level. 

Differentiation Effects .—Associated with contamination, the 
extent to which differentiation and sinking of earlier formed 
primary minerals or later formed contamination products have 
occurred also play an important part in the variation of index 
numbers and species represented in heavy mineral assemblages, 
both between different intrusions and within the confines of the 
same plutonic body.' The degree to which this factor has operated 
in the Victorian granitic rocks, cannot at present be gauged. 

Pneiimatolysis Effects .—Flux concentration is sometimes an 
important factor in influencing index numbers and mineral 
assemblages in granitic rocks, and the occurrence of index 
numbers greater than the normal in granites, does not therefore 
always imply considerable contamination. In the Mt. Wycheproof 
granite for instance, the index number (13*4) is 8-5 above the 
average (4-9) for Victorian granites, and is due to the abundant 
development of white mica of slightly greater specific gravity 
than that of bromoform in which the heavy mineral separation 
was carried out. 

Pneumatolytic accessory minerals in the Victorian granitic rocks 
are usually of insufficient abundance to produce marked varia¬ 
tions in their index numbers, although they are partially 
responsible for index number variations at Pyramid Hill and 
in the Futters Range. 

Comparisons of Related Groups of Granitic Rocks. 

The comparisons of the following groups of granitic rocks are 
based mainly on their heavy mineral assemblages and index 
numbers, but their appearance in the hand specimens, examina¬ 
tions of thin sections, and their micrometric and chemical 
analyses where available, as well as certain field characteristics 
in some instances, have also been taken into consideration. 
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Relationships of Separated Masses. 

Similarities.-— The most striking resemblances among separated 
outcrops of Victorian granitic rocks occur in the group of 
granodiorites associated with the dacite lavas of late Palaeozoic 
age in Central V ictoria. Pronounced similarities in the heavy 
mineral assemblages exist between the granodiorites from 
Maced on, Healesville, YVarburton, and Upper Beaconsfield, so 
that in support of other evidence (25. 26 and 43), the heavy 
mineral study of these types indicates development from a 
common magma and similarities in the intrusive histories. Allied 
types with somewhat lower index numbers at Monbulk Creek 
and Marysville have similar heavy mineral assemblages with 
minor variations. 

Separated granitic masses that show some similarities occur in 
South-Central Victoria at Bulla, Morang, and Broadmeadows. 
The index numbers of these outcrops are comparable, and many 
of the heavy minerals are alike and about equally developed in 
each (see Table 5). In addition it has been stated that the Bulla 
and Broadmeadows rocks are associated chemically and minera- 
logically (41. p. 336). The occurrence of fresh and altered 
cordieritc in both of these, rocks indicates assimilation of similar 
rocks (Silurian shales). Similarities in these granodiorites 
suggests that they may be comagmatic, and any variations result 
from slight differences in the intrusive histories. 

Earlier studies of thin sections and hand specimens of grano¬ 
diorites led to the suggestion that similarities exist between out¬ 
crops at Macedon and Harcourt (60. p. 19) , while the Mt. Eliza 
and Mt. Martha granodiorites are said to resemble the rock from 
Harcourt (44, p. 5). Although hand specimens of these rocks 
may superficially resemble one another, the examination of their 
index numbers and the variation in the heavy mineral assemblages 
(see Table 5) indicate that there are greater contrasts than 
similarities. The Harcourt rock (Mt. Alexander quarries por¬ 
tion), however, resembles the Bulla granodiorite in heavy mineral 
percentage, in the amounts and varieties of the primary acces¬ 
sories, and in the secondary minerals. Hand specimens are also 
alike, and the rocks at both localities contain xenoliths of sedi¬ 
mentary origin in similar stages of reconstitution. 

Among some of the granitic rocks it is found that analogous 
index numbers occur for widely separated outcrops such as from 
Wilson’s Promontory in the south and Mt. Hope in the north of 
Victoria, also granodiorites from Mt. Leinster in Eastern Vic¬ 
toria and Zumstein’s Crossing in Western Victoria. Except for 
the total amounts of the heavy minerals being identical, there 
are no similarities in original composition for either the two 
granites or the two granodiorites. 

Variations .—Outcrops of granite situated close to one another 
north-east of Geelong, show pronounced variations in the heavy 
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mineral assemblages and index numbers. The differences result 
from unequal amounts of de-roofing of the separated masses, 
and variations in the degree and nature of assimilation. The 
primary accessory minerals indicate that the separated outcrops 
are otherwise genetically related (1). 

The neighbouring granitic masses in the Mornington Peninsula 
show variations in index numbers and heavy mineral assemblages 
as well as in other features. A study of these variations indicates 
that each of the outcrops at Oliver’s Hill near Frankston, Mt. 
Eliza near Moorooduc, Mt. Martha and Arthur’s Seat near 
Dromana had different intrusive histories, and that the main 
factors producing existing rock types were the degree of differen¬ 
tiation attained and the types of rocks assimilated into the 
magmas (3). 

A group of neighbouring granitic outcrops in Western Vic¬ 
toria, at Mt. Lar-Ne-Gerin, Stawell, Ararat and Zumstein’s 
Crossing, show wide divergences. Apart from the first two being 
granites and the other two granodiorites, they all differ in index 
numbers and mineral assemblages, as well as in appearance of 
hand specimens and thin sections. The conclusion is that all had 
different intrusive histories and were derived from different 
sources. In like manner, separated outcrops at Dergholm, Harrow, 
and Casterton in far Western Victoria bear little relationship 
to one another. Outcrops at Bethanga and Wo donga in North- 
Eastern Victoria are not widely separated and have comparable 
Index numbers. The heavy mineral assemblages, however, con¬ 
tain significant differences such as the presence of certain mineral 
species in one which are absent from the other, and variable 
amounts of those species common to both (see Table 5). These 
variations indicate probable differences in the compositions of the 
original magmas and in the intrusive histories. 

Relationships Within the Same Mass. 

Similarities .—A number of samples selected from different 
localities in the Cobaw granitic massif in Central Victoria have 
closely analogous index numbers and heavy mineral assemblages. 
Samples from Mt. William, Baynton, Pyalong and two from Big 
Hill near Lancefield are all near the margin of the mass. They 
all have low index numbers which, in conjunction with the similar 
heavy mineral assemblages, rarity of xenoliths and other analo¬ 
gies, indicate that the exposure is a relatively uniform one. As 
pneumatolytic accessories are absent, the uniformity suggests 
that the Cobaw granitic mass has probably been subjected to 
extensive de-roofing, and a level in the intrusion has been reached 
where local excesses due to contamination have been removed. 
Minor variations exist, however, which must be attributed to 
slightly greater assimilation effects, the traces of which have not 
been eliminated by erosion. These minor variations are the 
occurrence of a larger index number for one of the Big Hill 
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samples, and the presence of local development of cordierite 
containing spinel in the Piper’s Creek granite in the Kynetoix 
district. 

Variations .—In the batholith extending eastwards from Gem- 
brook (6), samples from Powelltown, Bunyip and Gembrook 
have comparable index numbers and heavy mineral assemblages^, 
but in the southern portion of the outcrop higher index numbers 
at Tynong and Garfield are due to greater assimilation of foreign 
material, and at these two localities xenoliths and basic schlieren 
are more abundant than in the other samples examined (2). 
Similar primary accessory minerals indicate that the. original 
magma was uniform in character, but variations in the amounts 
of ferromagnesian minerals and in the. distribution of xenolithic 
material, indicate different degrees of assimilation in different 
parts of the intrusion. 

In the Strathbogies granitic mass, there Is a general increase 
of index number in a southerly direction from Euroa (5*05) 
and Longwood (4-69) in the north, to Strathbogie (6*77) further 
south-east, and Kerrisdale (8*36) and Trawool (10*20) in the 
south-western extremity of the outcrop. At Terip Terip, east- 
north-east of Trawool, the index number is lower (6*07). Varia¬ 
tions are due more to the amounts of each heavy mineral present 
than in the species represented, and as the primary accessories 
are similar, an originally uniform magma is indicated. The 
abundance of cordierite in these rocks (5) supports the con¬ 
clusion that contamination is responsible for the variable index 
numbers, and that assimilation of shales in large quantities has; 
occurred over a wide area. Variability in the amounts of material; 
assimilated has resulted in the formation of contaminated granites 
which in parts have distinctly granodioritic affinities as at Kerris¬ 
dale. 

Similar variations in the same outcrop of granodiorite occur 
at Limestone Creek and Mt. Leinster where the mineral assem¬ 
blages are similar but the index numbers differ, due to greater 
development of hornblende at Limestone Creek. In the Powell- 
town-Warburton mass of granodiorite, differences in the index 
numbers are due to variable amounts of biotite resulting from 
the assimilation of different rock types (6). Granodiorite at Mt. 
Erica (7), 20 miles east of the Powelltown-Warburton mass, and 
separated from it by a later granite intrusion, is probably co- 
magmatic with the Powelltown and Warburton occurrence, because 
the primary minerals are identical. Variations in the index 
numbers and heavy mineral assemblages are due to divergences 
in the late magmatic history, when garnet and chlorite were 
formed at Powelltown and Warburton, while more hornblende 
than biotite was developed at Mt. Erica. 

In the granodiorite mass of the Lysterfield Hills, south of the 
Dandenong dacites, different index numbers at Narre Warren 
(13*56), Selby (15*45), Monbulk Creek (17*29) and Upper 
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Beaconsfield (19-48) are due essentially to variations in the 
content of hornblende and biotite, most probably brought about 
by variable amounts of assimilation. 

Samples of granodiorite from the granitic mass in which Har- 
court is situated show considerable ranges in the index numbers 
but the heavy mineral species in rocks from Maldon, Baringhup, 
Harcourt and Big Hill south of Bendigo are generally com¬ 
parable, the main differences being in the amounts of each present. 
The similar index numbers and heavy mineral assemblages of 
the granodiorite outcrop east of Majorca and that of the Baring¬ 
hup area, indicate that the Majorca occurrence is comagmatic 
with the main Harcourt mass. 

In the Futters Range, the index number of the Wangaratta 
granite in the central portion is three times as great as that at 
Glenrowan in the south. The only common attributes of these 
two heavy mineral assemblages are the abundance of iron sul¬ 
phides and the scarcity of apatite; the major variations in heavy 
mineral content can be gauged from columns 4 and 22 in Table 5. 
Although only eight or nine miles apart in the same mass, these 
two examples show considerable diversity in heavy mineral 
characteristics, mainly as a consequence of pneumatolysis. 

Age Relationships of the Granitic Rocks. 

Many of the Victorian granitic rocks are regarded as Devonian 
to post-Carboniferous in age (57 and 58). Some evidence of the 
relative age relationships of the granitic rocks of this period of 
magmatic activity can be obtained from their heavy mineral 
analyses. In the Cornish granites of England, Ghosh found that 
younger granitic types contained lower percentages of heavy 
minerals than older types (30). Where known intrusive contacts 
occur between older and younger granitic rocks in Victoria, a 
similar relationship is discovered. Thus at Tintaldra where 
granite invades granodioritic rock (28), at Powelltown where 
granite intrudes granodiorite (6), and at Pyramid Hill where 
even-grained granite invades porphyritic granite (39, p. 220), 
the younger intrusions possess the lower index numbers. At Mt. 
Korong where older and younger granites are recorded (74, 
p. 9), the index number for the older porphyritic type is 4-70; 
that for the younger, fine-grained intrusion is not available, but 
would probably be lower since it is described as having only a 
very small amount of biotite (74, p. 33). 

Summary and Conclusions. 

The heavy mineral analyses of over one hundred Victorian 
granitic rocks show that granodiorites have greater index numbers 
than most granites due principally to increased development of 
ferromagnesian minerals in the granodiorites. Some of the 
granites contain larger proportions of heavy minerals than others. 
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due to varied amounts of assimilation or of gas fluxing, resulting 
in increased index numbers which in some instances range up 
to the average index numbers for granodiorites. In like manner, 
granodiorites range towards the index number province of the 
diorites. 

Evidence from the study of rock sections, chemical analyses, 
etc., of the granitic rocks subjected to heavy mineral analysis, 
indicates that rocks having index numbers below 7 can be grouped 
with the granites (an exception being that of the Mai don grano- 
diorite), and those having index numbers above 10-5 (except 
where shown to be contaminated granites or to have been sub¬ 
jected to considerable gas fluxing) with the granodiorites. 
Seventeen examples with index numbers between 7 and 10-5, 
however, could not be specifically classed with either the granites 
or the granodiorites on heavy mineral analysis alone. The 
evidence supplied by their index numbers had to be supplemented 
by detailed thin section investigations and Rosivval micrometric 
analyses. The results of the heavy mineral work in conjunction 
with other criteria, indicate that one of the. granitic rocks (i.e. 
that from Trawool), previously referred to as adamellite, is 
better described as a contaminated granite, and the remainder as 
granodiorites. Thirty-three heavy mineral species are recorded, 
and the form and habit of some of them indicated. 

The examination of the results of the heavy mineral analyses 
indicates that many of the Victorian granitic rocks have been 
contaminated by the assimilation of foreign material, some to 
greater extent than others, but little evidence of the part played 
by differentiation can be brought forward. Many of the magmas 
appear to have been relatively lean in mineralizers, because among 
the pneumatolytic minerals characteristic of wet magmas (beryl, 
tourmaline, monazite, fluorite, and cassiterite), beryl and mona- 
zite do not appear in the heavy mineral assemblages, and the 
others are relatively scarce, not being nearly so widely distributed 
and abundant as in certain of the English (31), Irish (62), and 
Scottish (46) granites. Eor this reason, most of the Victorian 
magmas would appear to have been dry magmas (63, p. 589), 
but it remains possible that many of the outcrops may represent 
low levels of erosion in the intrusive masses, where evidence of 
the existence of pneumatolytic minerals has been removed as a 
result of long continued de-rooffng. 

The correlation of or differentiation between the various 
granitic rocks in Victoria by means of heavy mineral index 
numbers and assemblages is found to be generally of greater 
value in small masses and over short distances in many of the 
larger masses than between masses that are widely separated. In 
many examples, differences in the heavy minerals reflect 
differences in the intrusive histories, but in others variations in 
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the primary accessory minerals point to different magmatic 
origins. Differences between widely separated masses are greater 
than similarities, but small outcrops close to one another in the 
held, or near to larger outcrops, are frequently found to be co- 
magmatic with the neighbouring masses, according to the heavy 
mineral analyses. In the comparisons of the heavy mineral index 
numbers and assemblages for rock specimens from different 
localities in one and the same granitic mass, the heavy mineral 
analyses clearly show that some of the larger exposures are 
strikingly uniform in character, and the present surfaces might 
represent levels in the intrusions where contamination products 
have been so digested as to form a magma whose component 
parts were in equilibrium. In other instances, sets of heavy 
mineral analyses from one and the same outcrop show consider¬ 
able variations, indicating probable closer proximity to the roofs 
of the intrusions and variable amounts of assimilation. 
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Art. X.— A Dome-like Structure in the Jurassic Rocks of 
South Gippsland. 

By A. B. EDWARDS, Ph.D., D.I.C. 

[Read 11th December, 1941; issued separately, 31st August, 1942.] 

The Jurassic sediments of South Gippsland outcrop chiefly in 
two north-east and south-west trending horsts, and in the inter¬ 
vening graben, which between them comprise the major portion 
of the South Gippsland Highlands (1). The detailed geology of 
the greater part of this region is shown on a scale of two inches 
to the mile on the Geological Parish Plans issued by the Geological 
Survey of Victoria. A study of these maps, and of the boring 
records published by the Mines Department of Victoria, reveals 
that the north-eastern part of the more southerly of the two 
highland areas is not a normal horst or tilted fault block such as 
is found elsewhere in the Highlands, but a large, elongated, 
dome-like structure, open to the south-west, as shown in fig. 1. 

The Jurassic rocks in this part of the Highlands dip outwards 
in radial fashion,' with dips ranging from 10 degrees to 30 
degrees to the north-west, north, north-east, east and south-east 
from a central axis extending from Blackwarry south-westwards 
through Balook. The change in the direction of dip across the 
axis of the dome is relatively sudden, and it is only near Balook 
that the Jurassic strata do not appear to have undergone tilting. 
They are nowhere horizontal. This is partly because here, as 
elsewhere (2), the Jurassic strata had been folded into small, 
irregular domes and basins of shallow closure prior to the faulting 
and warping movements that gave rise to the larger structure 
under consideration. Where such undisturbed minor folds are 
exposed in section, they appear as closely-spaced, impersistent 
anticlines and synclines, with irregular strike directions; and 
Since good exposures of the Jurassic rocks are found only in 
road and railway cuttings, and in the beds and cliffs of streams, 
most of the available dips in an undisturbed region show an 
exceedingly irregular arrangement of minor folds, as, for 
example, in the parishes making up the south-western portion of 
fig. 1. Such irregular folding may be taken as an indication that 
the region concerned has not suffered any marked later tilting. 
Where tilting or warping has occurred, it is superimposed on this 
earlier folding, and, if strong enough, tends to produce a pre¬ 
vailing, though fluctuating, dip in the direction of the tilt or 
warp. This is the case in the region now under consideration. 

A further measure of the tilting and warping that has affected 
the South Gippsland Highlands is provided by the disposition 
of the Tertiary basalts and gravels that overlie the Jurassic at 
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many places. The manner of occurrence of these Older Volcanic 
basalts was originally similar to that of the Newer Volcanic 
basalts forming the plains west of Melbourne. The Older Vol¬ 
canic basalts infilled valleys in the pre-basaltic land surface, and 
then formed a wide, more or less horizontal, sheet covering the 
infilled valleys, so that while the original under surface of the 
basalts was not level, for structural purposes it approximated to 
a horizontal surface. Warping or tilting of this approximately 
horizontal surface is readily detected from the disposition of the 
basalt residuals in any given area. This may be seen, for example, 
from the Geological Parish Plan of Moe, where the main area 
of basalt slopes southwards at about 1 in 40, while along the 
Yarragon Scarp, the same basalts have been tilted steeply to 
the north (3). 



Fig. 1.—Sketch map o£ the Balook Dome, South Gippsland, showing the localities 
referred to ill the text. Geology based chiefly on the Geological Parish Plans 
of the Geological Survey of Victoria. 


In the region under consideration, basalts occur as a fringe 
of outward-dipping, tilted residuals enclosing the Jurassic on 
three sides (fig. 1), while in the vicinity of Balook, on the axis 
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of the dome, they form a horizontal residual, overlying bedded 
gravels. Between Blackwarry and Carrajung are further residuals 
which show a gentle slope to the north-east. The disposition of 
the basalt thus provides clear evidence of the dome-like form 
of the structure. 

This dome-like structure, which may be described for con¬ 
venience as the Balook Dome, is marked off from the plains to 
the north and south by scarps, which have been attributed ten¬ 
tatively to faulting (1), the Carrajung Fault on the north, and 
the Won Wron Fault on the south-east. The records of bores 
put down in the adjacent Brown Coal areas indicate, however, 
that the scarps arise from warps, or relatively gentle monoclinal 
folds, rather than from faults, although these folds appear to 
pass into faults when traced to the south-west. 

Along the northern flank of the structure, bores in the parishes 
of Traralgon, Ley Yang and Tong Bong (4, 5), show tilted 
basalt and overlying brown coal seams at first passing slowly to 
increasing depths, and then flattening. The basalt has been traced 
in the bores for a distance of nearly two miles north of where 
it ceases to outcrop, with a downward slope of only two or three 
degrees. The position of these bores is shown on fig. 1, but it 
is possible that the basalt may continue further north, since the 
bores in that par;t of the area have not penetrated sufficiently 
deeply to establish its absence. 

Along the south-eastern margin of the Balook Dome, most 
of the bores on the plains are too shallow to penetrate through 
the outwash sands to the underlying basalt, but in the Parish of 
Won Wron, a series of bores have revealed a seam of brown 
coal about 100 feet thick, which overlies the tilted basalt, and 
dips to the south-east at an angle to about 20 degrees beneath a 
mantle of outwash material (6). Further to the south-east the 
Tertiary beds presumably become horizontal again, since marine 
Miocene beds which are exposed in a large washout on Bruthen 
Creek, several miles above Woodside township, are horizontally 
disposed. While it is not known that the brown coal passes under 
this actual outcrop, related brown coals underlie similar Miocene 
beds at considerable depths in bores along Merriman’s Creek, 
some miles to the north. The evidence at Medley indicates that 
the faulting and warping movements here described are of post- 
Pliocene age (7), and no evidence has been found to suggest 
that any earlier Tertiary earth movements have affected the area. 

Origin of the Structure. 

When the northern monocline is traced south-westwards, it 
passes into a definite fault somewhere in the vicinity of Boolarra. 
From the evidence available, the actual point of transition can¬ 
not be fixed, but the change from irregular dips along Middle 
Creek, to a prevailing northerly dip further to the north-east. 
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suggests that the fault extends as far north as the point where 
Middle Creek leaves the scarp. The marked increase in the width 
of the basalt areas north-east from Billy Creek also points to 
the transition occurring near this point. The southerly monocline 
appears to continue as such until it is west of the Albert River, 
where a certain amount of minor folding is associated with it. 
From this point it begins to converge on the well-marked Gellion- 
dale Fault, the two approaching each other in the vicinity of 
Foster, as shown in fig. 1. Certain other smaller faults shown 
by Hills (1), and on the Geological Parish Plan of Toora, appear 4 
to be non-existent. Between the Albert River and Foster the 
southerly monocline passes into a fault, and pronounced drag is 
shown in the Jurassic strata exposed along the east-west section 
of the Franklin River, where dips as great as 80 degrees south 
are found. The Toora Fault Block, lying between the Gelliondale 
Fault to the south and this Won Wron Fault and Monocline to 
the north, is tilted to the north at an angle of about 5 degrees 
(the steepest dips on this block rarely exceed 25 degrees north), 
and several small areas of basalt, overlain by Tertiary sands and 
gravels, are preserved on this block, close to the fault angle 
between it and the main Horst to the north. 

The Toora Block is much narrower than the main highland 
block, and much lower, so that the Agnes River and the Franklin 
River, having turned and followed the fault angle for some 
distance, were able to escape over the Toora Block to the south. 
Where they cross its scarp, they have developed prominent 
waterfalls with gorges downstream, from which they emerge to 
the narrow coastal plain on the downthrow side of the Gelliondale 
Fault. Both these rivers turn eastwards along the fault angle, 
suggesting that it sloped to the east, and the southern Billy Creek 
also flows along the fault angle in this direction, further to the 
east. There does not appear to have been any connexion between 
these streams. 

Basalts outcrop alongside the Agnes River, south of the Toora 
Block ; and in the Parishes of Alberton West, Welshpool and 
Toora, a number of bores have penetrated to the Jurassic of the 
downfaulted block south of the Gelliondale Fault (4) (5). The 
Jurassic rocks in the bores are capped in places by Tertiary 
basalts (6), and occur as a ridge whose surface slopes to the 
north at about 1 in 15, and rises to within a few feet of the 
surface near the central part of Alberton West (fig. 1). The 
failure of the Jurassic rocks to outcrop south of this point sug¬ 
gests that another step-fault, more or less parallel to the Gellion¬ 
dale Fault, may exist in this vicinity. 

Not only do the monoclines pass into faults when traced west¬ 
wards, but the thickness of the Jurassic rocks decreases in this 
direction, and Palaeozoic sediments are exposed in the vicinity 
of Foster and Toora in the south, at Turton’s Creek in the centre 
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of the horst, and north-east of Boolarra, near its north-western 
margin (fig. 1). It seems possible that the change from warping 
to faulting in the Jurassic rocks is related to this decrease in 
thickness. Faults which developed in the Palaeozoic basement 
continued upwards through the Jurassic rocks where they formed 
a relatively thin cover over the Palaeozoic sediments; but further 
eastwards, as the thickness of the Jurassic sediments increased, 
and the amount of fault movement decreased, the faults died out 
upwards into monoclinal sags; and owing to the relatively strong 
nature of the Jurassic strata, the sagging was spread over a con¬ 
siderable horizontal area, thus giving rise to a dome-like structure 
opening to the south-west. 

Drainage. 

The main streams of the domed region—Middle Creek, 
Northern Billy .Creek, Jeeralang Creek, Traralgon Creek, Flynn's 
Creek, Merriman’s Creek, Reedy Creek, Bruthen Creek, Mac’s 
Creek, Tarra River, Stony Creek, Jack Rivulet, and Albert River, 
appear to be consequent streams, developed after the warping, 
so that they radiate from the central axis of the dome (fig. 1). 
They are all dip-streams over most of their courses, and this 
character is reflected in the frequent rapids and cascades that 
occur where the stream beds coincide with the surfaces of beds 
of hard sandstone. Their valleys are deep, and steep sided. 

In places along the axis of the dome, as on the basalt area 
near Balook, and along the upper stretches of some of the main 
interfluves between the radial streams, dissection has progressed 
relatively slowly, giving rise to upland areas whose shallow 
valleys are in striking contrast to those of the deeply dissected 
marginal areas of the dome. The transition from the uplands 
to the deeply dissected country is often abrupt, and the upland 
streams frequently join the tributaries of the main streams across 
waterfalls. 
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Art. XI. — Further Observations on Rose Wilt Virus. 

By B. J. GRIEVE. 

(Botany School, University of Melbourne.) 

[Read 11th December, 1941; issued separately, 31st August, 1942.] 

A disease of rose plants the primary symptom of which 
suggested the name “ Rose Wilt ” and the secondary symptoms 
the name tk Rose Diebaek ” was shown in an earlier paper (Grieve, 
1931) to be a sap transmissable virus disease. It was pointed out 
then that the disease assumed epidemic proportions only at 
considerable intervals and as a consequence no continuous study 
of it has been found possible. This paper, however, presents the 
results of some further observations and experiments. Since 
the writer’s original paper appeared, three other virus diseases 
of rose plants have been described one of which has many features 
In common with Rose Wilt. 

Review of External Symptoms of Rose Wilt. 

Little modification of the original description of the disease is 
necessary, but it appears desirable to restate in summary form the 
symptom picture. The recurving or epinasty of the individual 
leaflets on an infected shoot so that they give the appearance of 
being closely balled together is a constant feature of considerable 
diagnostic value (Plate XIII., fig. 1). This abnormal condition 
of the infected leaves persists as long as they remain on the plant. 
With this reflexing of leaflets is associated a condition of 
increasing brittleness of the laminae. Abscission occurs very 
easily on touching or under the action of a gust of wind. Q 11 a 
badly infected plant complete defoliation may occur cpiite early, 
but generally a proportion of the recurved leaves remain attached 
for some time (Plate XIII., tig. 3). External lesions have not 
. been observed in young leaves in the reflexed stage, but 
occasionally, when affected leaves remain on the plant, reddish- 
brown, bordered, necrotic spots appear on the leaves. The dying 
back of the young shoots subsequent to defoliation proceeds quite 
rapidly in many cases and within a few days the plant presents 
a scorched and blackened appearance. Where more mature shoots 
are affected, dying back proceeds more slowly and a mottled 
appearance is produced on the. affected canes by the presence of 
brown to black areas interspersed with areas where the original 
green colour of the cane is retained. The discoloured areas 
become larger and coalesce until finally the whole shoot is quite 
5089/42.—6 
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discoloured and black. It has frequently been observed that oval 
green patches remain surrounding the buds on the canes for some 
time after the rest of the cane is blackened. 

In plants which in one season suffer only a mild attack, the 
leaves may show only slight recurving and defoliation does not 
occur. Flowers come to bloom on such plants and these flowers 
wShow no traces of deformation. Observation on such infected 
plants over two to three seasons has shown that the disease 
remains in them and may become serious in following seasons. 
On thick canes of these plants, reddish, somewhat raised areas are 
frequently scattered. It is of interest to note that the curious 
reflexing of the leaflets of virus-infected rose plants is paralleled 
by the effect on rose plants of ethylene gas (Zimmerman, 
Hitchcock, and Crocker, 1931), and to some degree also of a 
growth substance, ^-indole-acetic acid (Grieve, unpublished data). 

Experiments on the relation of auxin to epinastic response in 
several plants indicate that this growth movement is associated 
with a greater concentration of hormone toward the upper sides 
of the petioles. It appears probable in the case of Rose Wilt that 
one of the initial effects of the virus is to cause some similar 
disturbance in hormone concentration at the bases of the leaflets. 

Internal Symptoms.—Histological Changes. 

The internal symptoms associated with Rose Wilt have not 
previously been described, consequently the morbid anatomy of 
infected plants will be, treated in some detail. 

Examination of fresh stem sections of infected plants showed 
abnormalities of the cortical tissues and of the phloem similar' to 
those which have been demonstrated in certain other viruses, such 
as Acropetal Necrosis of potato and Potato Leaf Roll. 

Material for examination was fixed in Fleming’s or Glacial 
acetic acid fixative, dehydrated and embedded in paraffin. Sections 
were cut at various thicknesses from 3 to 10/*. Haidenhain’s iron 
alum haematoxylin with eosin counter stain, Fleming’s triple stain 
and Safranin and Light Green were, used for staining. 

Healthy Stem. 

For purposes of comparison a short account of a transverse 
section of a healthy rose shoot is here given. The stem is bounded 
by a single epidermal layer with a well-defined cuticle, beneath 
which there is a single sub-epidermal layer of fairly regular cells. 
The cortex consists of two types of cells, collenchymatous and 
parenchymatous. The collenchyma, which occurs beneath the 
sub-epidermal layer comprises a region varying from three to five 
cells in thickness. Many of these cells contain large deposits of 
tannin. The, parenchyma zone is wider and consists of cells 
which vary from oval to rectangular in cross-section. The 
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innermost layer of the cortex bounding the stele was not found to 
differ in structure or size from the other cells of the inner cortex, 
but iodine, staining showed it to be rich in starch and it may be 
considered as the endodermis. Within this endodermis is the 
pericycle which appears to be discontinuous: opposite each bundle 
it consists of several rows of thick-walled tightly-packed cells, 
while where the medullary rays pass out, the cells are 
parenchymatous. The vascular bundles are well defined and show 
considerable variation in size, both in a radial and in a tangential 
direction. The wood consists of vessels, tracheids and wood 
parenchyma; the phloem of sieve tubes and companion cells. The 
central part of the stem is composed of pith, two types of cell 
being present. Small thick-walled cells are found occurring in 
groups of two to five interspersed between much larger thin-walled 
cells. In the young shoots cambial activity is visible at an early 
stage and there is present secondary xylem and secondary phloem. 

Rose Wilt Infected Stem. 

Sections of shoots taken near the bases of reflexing leaves 
frequently showed as a first pathological condition the presence 
of considerable deposits of a brown gummy substance in and 
around the vessels. Slightly later, while the recurved leaves were 
still present on the cane, sections of petiole bases and of shoots 
showed necrosis of cells of the inner cortex, of medullary ray 
cells, and of a few cells of the secondary phloem. Affected cells 
in the cortical region were mainly opposite the bundles, but 
necrosed cells were also observed scattered through the cortex. 
Cells of the primary medullary rays were mainly affected in 
groups between the pericyclic fibres of contiguous bundles. The 
symptoms in these cells consisted of thickening and yellowing of 
the cell walls. Yellow gum-like deposits were present in necrosed 
cells. 

At a slightly later stage when defoliation was commencing, 
sections of shoots showed greater necrosis of the phloem, the 
symptoms being thickening of the cell walls of the secondary 
phloem elements followed by the crinkling and collapse of cells 
(see Plate XiV., fig. 5, and text fig. 1). Owing to separation of 
cells from one another large intercellular spaces developed. Gum 
deposits were present in some of the affected cells and in the 
intercellular spaces. 

Staining reactions indicated that the walls of affected cells 
were suberized while the deposits in the cells and intercellular 
spaces were gum-like. A red colour in the walls was obtained 
using Sudan III. and some of the deposits also showed a red 
colour. The necrotic regions resisted treatment by concentrated 
sulphuric acid. Tests with phloroglucin and hydrochloric acid 
gave negative results for lignin in necrosed cells; it was present 
in healthy cells of the, collenchyma region of the cortex, the 
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thick-walled pericycle and the xylem. Sections of diseased tissue 
stained with iodine revealed a difference from healthy stems in 
that the endodermis contained little or no starch. ” Sections 
through shoots in which the dieback stage was commencing 
showed more severe necrosis in the epidermal and cortical cells 
as well as in the phloem. The necroses in the epidermal cells 
were associated with the discolouration visible externally at this 
stage. In some cases it was observed that necrotic cells could 
be traced from the epidermis to the pith via the primary medullary 
rays. 



Fig. 1.—Transverse section through cane of infected rose showing necrosis 
of phloem. Some cells have collapsed, others have thickened walls 
and gum is present. 


Rose Wilt Infected Leaf. 

Young leaves in the reflexed condition showed no histological 
differences from healthy leaves. Examination of sections cut 
at thicknesses of 3-12^ and stained in a variety of ways failed to 
show the presence of intra-cellular inclusions. In the course of 
observations on the starch content of healthy and infected leaves, 
using the iodine staining technique, it was noticed, however, that 
in reflexed leaflets several minute colourless areas of pinprick size 
showed amid the general black stain due to the presence of starch. 
These small non-starch areas were not seen in healthy leaves. 
On close visual examination of fresh infected leaves, which were 
of comparable age to those iodine tested, no trace of any lesions 
could be detected. Examination of older leaves which had not 
dehisced showed that in some cases visible lesions were present. 
These were circular to irregular in shape, and of red-brown 
colour. Iodine staining showed an absence of starch around these 
spots. Sections cut through them revealed yellowing of palisade 
and of spongy mesophyll cells and the presence of gum-like 
deposits in affected cells (Plate XIV., figs. 2 and 3). Examination 
of cells in the vicinity of the necrosed regions showed the presence 
of a differential staining body generally situated close to the. 
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nucleus (Plate XIV., figs. 6 and 7). These intra-cellular 
inclusions or X-bodies were oval or spherical in shape, and in 
some cases were comparable in size to the nucleus. The cells in 
which these were observed were mainly of the palisade layers 
fairly close to those showing necrosis or gum formation. They 
were present also in spongy mesophyll cells, but were not observed 
in epidermal cells. Owing to the presence of breakdown products 
in cells in a necrosed region, it was not possible to observe 
X-bodies in them. Nuclei in such cells were very much swollen 
as were also the chloroplasts. 


Experiments on Transmission. 

Mechanica 1 In o c it la tion. 

The disease is transmitted with difficulty, but it has been 
obtained in several cases by the following method. Infected 
leaves are ground in a little water to which fine emery powder is 
added and the extract pressed through cheesecloth. The virus 
containing juice is then rubbed over the surfaces of leaves of 
healthy plants^ using the forefinger covered by a cheesecloth strip. 
Injection of virus juice using capillary tubes inserted into the 
canes near the bases and axils of petioles also produced infection. 
Using roses grown from cuttings, symptoms have been found to 
develop ten to twenty days after inoculation. Considerably 
greater difficulty was experienced in obtaining successful 
transmissions in rose plants growing in the open. In a group of 
40 inoculations in the field only four proved successful. Controls 
remained healthy during the experiment. 

Cross Inoculation Experiments. 

Suitable members of the family Rosaceae were selected in 
attempts to transmit Rose Wilt by the mechanical inoculation 
method, but no clear-cut positive results were obtained. In the 
case of Geuni coccincnm and Poterium sanguis orb a a suggestive 
recurving of the leaflets occurred in inoculated plants a few days 
after inoculation, but no further symptoms appeared. 

To test a possibility that the symptoms of rose wilt might be 
really due to the virus of Tomato Spotted Wilt, a virus which 
produces diverse symptoms in a wide variety of horticultural 
plants, cross inoculations using expressed juice were made from 
infected roses to Nicotiana tabacum (White Burley Tobacco), 
Nicotiana glittinosa, and Sola nu in lyc o per sic urn (Tomato variety 
Marglobe). No disease condition was produced by these 
inoculations. Conversely, it was not found possible to induce 
disease in roses by inoculation with Tomato Spotted Wilt virus. 
It is therefore concluded that these two diseases must be regarded 
as being caused by different viruses. 
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Transmission by Budding. 

The procedure, adopted was to take buds in mid-summer from 
canes of plants which were showing the dieback condition in a 
mild form in some shoots. Insertion of the buds into healthy 
plants was made towards the base of ripe shoots, using the T-bud 
method. 

Considerable difficulty was experienced in getting the infected 
buds to take successfully owing, it is believed, to the progress of 
the disease in them. In the experiments so far concluded 40 
healthy plants have been used. Of these twenty were budded, 
using buds from infected plants. The other twenty served as 
controls, being budded from healthy stock. In the test series 
union was successfully effected in only four plants, the infected 
buds in the other sixteen plants shrivelled and died. Of the four 
plants in which union was obtained two developed typical rose 
wilt symptoms. Buds inserted on the control plants took well 
and these plants remained healthy. Although the number of 
successful transfers was small, the fact that they were well 
controlled gives dependability to the result. Further experiments 
using the patch-grafting method are being tried to obviate the 
difficulty of working with buds weakened by the virus. 

Experiments on Insect Transmission. 

The spread of the, disease in gardens during one of its periodic 
visitations strongly suggests that an insect vector is involved. 
In a search for such a possible insect transmitter a number of 
experiments have been carried out. Different species of aphides 
from diseased rose plants have been tested for infectivity, but 
the results so far have been to a large degree negative, and will 
not be reported in detail. It should be pointed out that the search 
has been of an exploratory rather than of an exhaustive nature 
and is being continued as opportunity permits. 

Serology. 

The, technique of serology was applied to the study of Rose 
Wilt Virus to determine whether it was antigenic, that is, capable 
of stimulating the production of precipitating and other antibodies 
when injected into rabbits, and also to determine whether this 
virus and Tomato Spotted Wilt were serologically distinct. The 
wide host range in horticultural plants and the diverse symptoms 
produced by Spotted Wilt virus made this a desirable test. 
Antisera for Rose Wilt and Tomato Spotted Wilt were prepared, 
using essentially the methods of Chester (1935). 

No virus specific precipitin reaction was obtained, however, in 
either case. Mushin (1942) working in this laboratory has, in 
the course of more extensive serological work, obtained the same 
results for Rose Wilt. Chester (1937) concluded that Tomato 
Spotted W ilt was non-reactive serologically. He pointed out that 
viruses which so far have been shown to be serologically inactive 
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have in common the characters of being difficult to transmit by 
mechanical means and of being relatively unstable in vitro. 
Though little is known as yet of the properties of Rose Wilt virus, 
the relative difficulty of its transmission by mechanical means and 
its serological inactivity makes it probable that it belongs to the 
group of viruses which are unstable in vitro. 

Since neither Rose Wilt nor Tomato Spotted Wilt produce 
active sera they cannot be shown to be separate viruses by this 
means. As pointed out in an earlier section, however, Tomato 
Spotted Wilt virus could not be transmitted to Rose plants, and on 
this evidence, together with the fact that no X-bodies have been 
observed in Spotted Wilt infected plants, it is concluded that the 
two viruses are distinct. 

Observations on Susceptibility of Rose Varieties. 

In Victorian gardens the great majority of roses grown belong 
to the Hybrid Tea Group. Pernetianas, Hybrid Perpetuals, and 
Tea roses are also grown, but not in any abundance. Of these four 
groups observation has shown that the Pernetiana roses, or those 
"roses with some of the Pernetiana strain in them, are most 
susceptible to Rose Wilt. 

Golden Emblem and Ville de Paris are two ^outstanding 
examples of Pernet roses which take wilt badly. The popular 
Hybrid Tea roses, while as a class being somewhat more resistant 
than the Pernetianas, are nevertheless very subject to the disease. 
Some gradation in intensity of infection occurs. Rose Wilt Virus 
has been observed on the following Hybrid Tea roses in severe 
form:—Dame Edith Helen, Sunburst, Yvonne Vacherot, Mine. 
A. Chatenay, Columbia, Lorraine Lee, Mrs. McKee, and Etoile 
de Hollande. On the other hand, the varieties Sunny South and 
Chateau de Clos Vougeot appear to be more resistant to the 
disease. 

Tea roses appear to have relatively the greatest resistance to 
Rose, Wilt and, in fact, no certain cases of wilt on tea roses has 
been brought to the notice of the author. 

Comparison of Rose Wilt with Other Rose Viruses. 

Three virus diseases of rose other than Rose Wilt have been 
described, one in Italy and two in the United States of America. 
Rose Mosaic (White, 1932; Thomas and Massey, 1939; Brierley 
and Smith, 1940) and Streak of Roses (Brierley and Smith, 
1940) in the United States of America appear to be quite distinct 
from Rose Wilt. 

Gigante’s (1936) new virus disease of roses in Italy has, 
however, many features in common with Rose Wilt, while there 
are also apparently certain minor points of difference. A 
comparison in summary form of external and internal symptoms 
of the two diseases is presented in Table 1. as are also symptoms 
of Streak and Rose Mosaic. Symptoms which Rose Wilt and the 
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Italian Rose disease have in common are the very characteristic 
recurving and ^balling of young leaflets, followed by defoliation 
from the apex downwards. This again is followed in both 
diseases by the browning and blackening of defoliated canes. 
Primary symptoms, such as the presence on the leaves of dark 
spots, and yellowish-brown necrotic areas surrounded by a 
blackish halo, as described by Gigante, do not occur in the 
Australian Rose disease. The presence of leaf spotting may 
occur some considerable time after “balling ” and when defoliation 
fails to occur. Gigante also stresses the early appearance on 
infected canes of reddish-brown raised areas. As indicated 
earlier, such raised spottings have sometimes been observed on 
canes of plants which have been infected with the Rose Wilt for 
more than one season, and in which a certain degree of recovery 
from the disease is apparent. 


Table 1.—Comparison of Symptoms of Rose Viruses. 


— 

ltose Wilt Virus. 

Gigante’s New Italian 
Rose Disease. 

Streak Disease. 

Rose Mosaic. 

External 

Symptoms 

Recurving and balling 
together of leaflets on 
the petioles. Leaves 
become brittle and 
defoliation occurs 

commencing at the 
apex and working 
downwards. After 

defoliation rapid 

dying back of the 
canes occurs 

Leaflets recurving and 
balling. Blistering of 
leaves and the 

development of small 
dark spots on the 
leaves. Reddish 

lesions on the canes. 
Defoliation working 
from apex fo base. 
Flowers show defor¬ 
mation 

Brownish rings 
and brown 
vein banding. 
Water soaked 
ring patterns 
In canes 

Rose Mosaic 1. (Thomas 
and Massey) Small 
chlorotic spots some¬ 
what angular or 

Dinged in appearance. 
Distortion of leaf 
blade. Flowers de¬ 

formed and palo in 
colour. 

Rose Mosaic 2. Chloro¬ 
tic lines, bands and 
broad blotches in the 
leaf blade with or 
without distortion 

Rose Mosaic 3. Broad 
chlorotic blotches in 
the leaf blade. Dwarf¬ 
ing of the plant 

Internal 

symptoms 

Necrosis of cortex, 
medullary ray cells 
and of the phloem. 

Suberization of walls 
and gum formation. 
Intracellular in¬ 

clusions presont in 
leaves 

Necrotic cells present in 
stem parenchyma. 

Necrosis of cells in 
the leaf. Intracellular 
inclusions present 

None recorded 

None recorded 

Transmission 

Mechanical inoculation 
and budding 

Mechanical inoculation. 
Insect vector believed 
to be a species of 
Macrosiphum 

Budding and 
grafting 

Budding and grafting 


In so far as the histology of the two diseases is concerned there 
is agreement with Gigante as to the necrosis of cells of the cortex 
and the medullary rays of infected canes. The formation of cork 
cells in the cortex cutting off the necrotic cells, which he records, 
has not, however, been seen in the case of Rose Wilt. Gigante 
makes no reference to necroses of the phloem in the Italian rose 
disease, and it is not possible from the photomicrographs in his 
paper to tell whether any is present. 
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Intra-cellular inclusions have been found in diseased leaves in 
both viruses. Gigante finds them, as does the author, in leaves 
which are showing some necrosis of cells. In the case of the 
Italian rose disease it appears that the leaf lesion symptom and 
X-bodies occur early, whereas in Rose Wilt, necrosis of cells has 
been found only in those leaves which remain attached for a long 
time, and X-bodies cannot be seen in the balled-up leaves which 
absciss early. 

Both viruses are sap transmissible with difficulty, and there is 
evidence that Rose Wilt is transmitted by budding. 1 lie insect 
vector in the Italian rose disease is believed to be a species of 
Macrosip hum, but no conclusion has been reached regarding an 
insect vector in the, case of Rose Wilt. 

It would appear, despite minor symptom differences, that the 
viruses are the same. Confirmation of this must await further 
information on the properties of the viruses and the discovery of 
useful differential hosts. 

Control. 

The view was earlier expressed (Grieve, 1933) that infection 
might be carried by secateurs during pruning operations on healthy 
and virus-infected plants. The relative difficulty of transmission 
by mechanical inoculation leads one now to consider that such a 
method of spread is unlikely in practice. Nevertheless, steriliza¬ 
tion of secateurs in dilute* formalin remains a useful general 
precaution. 

The experiments on budding have shown that in piactice this 
is a possible method of transmission of Rose Wilt. Badly infected 
plants as a source of buds are of course not in question. The 
danger lies in utilizing rose plants which have been only slightly 
affected or have made an apparent recovery, 

Evidence as to the relative susceptibility of rose types to wilt is 
incomplete. Members of the Pernetiana, H.T. and H.P. groups 
have all been found subject to the. disease. 1 hose varieties in 
which the Pernetiana strain has been incorporated do show a 
greater degree of susceptibility, and should be avoided. 

The rapid and random spread of the disease in gardens during 
certain seasons suggests that an insect vector is concerned, 
although none as yet has been implicated. . lhe only effective 
remedy against spread at the present time is the removal and 
burning of the infected plant as soon as the symptoms become 
manifest. 

Summary. 

1. The external symptoms of Rose Wilt virus aie briefly 
reviewed and an account is given of the morbid anatomy of 
infected plants. Necrosis of cells occurs in the cortex, medullary 
rays, and in the phloem of the canes, as the disease progresses 
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from the stage of reflexing of leaflets to their defoliation. Micro¬ 
chemical tests indicated that the necrosis was accompanied by 
suberization of walls and the secretion of a gum-like substance. 

2. Intra-cellular bodies were found associated with the nucleus 
in leaves which remained for some time on the plant. In the 
majority of cases the leaves absciss shortly after becoming reflexed 
and before lesions develop. At this stage no X-bodies were seen. 

3. Results of experiments on transmission by mechanical 
methods and serological evidence suggest that Rose Wilt is an 
unstable virus. In a small percentage of cases successful 
transmission by T-budding was effected. 

4. Control measures are discussed in the light of the 
experimental results obtained. The author is indebted to Prof. 
Woodruff for help and for facilities for the serological tests. 
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Explanation of Plates. 

Plate XIII. 

Figs 1 and 2.—Virused plants with reflexed and balled-up leaves. 

Fig. 3. —Artificially infected plant showing both reflexing and defoliation stages. 

Fig. 4.—Infected plant approaching the die-back stage of disease. 

Plate XIV. 

Fig. 1.—Transverse section through leaf. X—bodies in association with nuclei. 

X = intracellular body, n = nucleus. 

Fig. 2.—Section of leaf showing the origin and spread of the necroses. 

Fig. 3. —Section of leaf magnified to show necrotic palisade cells on left. 

Fig. 4.— X—body in association with the nucleus in a cell of the spongy parenchyma. 
Fig. 5. —Section of the cane showing advanced necrosis of the Phloem. Some of 
the cells are obliterated and others are filled with gum. 

Fig. 6.—Palisade cells of leaf showing presence of X—body. 

Figs. 7 and 8.—High power magnifications from section in Fig. 1 to show intracellular 

inclusions. 
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Art. XII .—Note on the Oil of Subterranean Clover Seed 
(M idse aso n Varie ty ). 

By A. MARGARET McARTHUR, B.Sc. 

[Read 11th December, 1941; issued separately, 31st August, 1942.] 


Subterranean Clover forms large quantities of seed which is 
known to contain a good deal of oil. The following examination 
of this oil was carried out at the suggestion of Mr. H. A. Mullett, 
Director of Agriculture for Victoria. The seed was obtained 
through the Department of Agriculture. 

The oil was extracted with ether in a Soxhlet Extractor from 
the finely ground seed, and. after removal of the ether, it was 
dried by heating in a boiling water hath, C0 2 being passed through 
the flask to prevent oxidation. The amount of oil obtained was 
found to he 16-8 per cent, of the whole seed. 

Other samples of oil were obtained by pressure, hut it was 
found necessary to moisten the seed with water (about 5 per 
cent of the weight of the seed) for 24 hours before any quantity 
of oil could he obtained in this way. The finely-ground seed was 
then pressed in an experimental hydraulic press at a pressure of 
1.000-1,500 lb. per square inch. (We are indebted to Mr. H. E. 
West of the William Angliss Food Trades School for preparing 
the samples of pressed oiL) The yield of oil by this method was 
5-6 per cent. 

The chemical tests carried out were the Saponification Value, 
Reichert-Meissl and Polenske numbers and the Iodine \ alue. 
The Saponification Value is a measure of the soluble, volatile 
fatty acids, i.e., the lower acids up to caproic (C 6 ), and the 
Polenske value is a measure of the insoluble volatile fatty acids 
present (acids from C B to about C 10 ). The standard methods were 
used for these determinations. The Iodine Number, which is an 
index of the unsaturated acids present, was estimated by Wij's 
solution (iodine monochloride in glacial acetic). 

Pressed. Extracted. 


201 

1*6 

0-7 

108 

1-4680 

1-97% 


211 

1 

0-8 

111 

1-4703 


Saponification Value 
Reichert-Meissl No. 

Polenske No. 

Iodine Value 

Refractive Index at 19-1° C. 

Unsapunifiable Matter .. 

The results are on the whole slightly higher for the extracted 
oil. This is probably due to a trace of water in the pressed oil. 

A further estimation was made of the unsaturated fatty acids 
in the oil bv the method of Hilditch. which depends essentially 
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on the differing solubilities of the lead salts of the saturated and 
unsaturated acids in ether or alcohol. The mixed fatty acids were 
first prepared. About 20 gm. of oil was saponified with alcoholic 
potash, and most of the alcohol then removed. The soaps were 
dissolved in water and the unsaponifiable matter was then 
extracted with ether. The soaps were next converted into free 
fatty acids by warming with dilute H 2 S0 4 (an atmosphere of 
nitrogen being used to prevent oxidation) and these acids were 
then extracted with ether and dried under low pressure at 
80-90°C. 

To a boiling alcoholic solution of the mixed fatty acids lead 
acetate in boiling alcohol was added. The solution was then cooled 
slowly to 15 degrees and left to stand overnight. The insoluble 
lead compounds were filtered off, the alcohol removed by dis¬ 
tillation, and the unsaturated acids remaining were dissolved in 
ether. This solution was washed twice with dilute acetic acid 
to set free the acids, and the ethereal solution of these washed 
with water until the aqueous layer was no longer acid. Any fatty 
acids retained in the water used in this process were recovered 
by extracting with a further quantity of ether which was then 
added to the original ethereal extracts. The last traces of ether 
and water were removed by heating in a water bath under reduced 
pressure. The percentage of unsaturated acids was found to be 
61*5 per cent. 

Summary . 

The oil obtained from clover seed contains about 60 per cent, 
of unsaturated acids, and as the Reichert-Meissl and Polenske 
values indicate, very few acids either saturated or unsaturated 
below C 10 . Its Iodine Value is considerably below that of Linseed 
and the other oils used for paint manufacture, but since drying 
properties of oils are not wholly dependent on the Iodine Value, 
this point may be worth further investigation. 

The following table shows that this oil is similar in character 
to Olive, Maize, and Cotton Seed Oil. 




Saponification 

Iodine 

Unsaturated 



Value. 

Value. 

A aids. 

Olive Oil . 

. 

.. 190-5 

85 

85% 

Maize Oil . 


.. 189-93 

115-25 

90% 

Cotton Seed 

'on !! 

191-5 

108*16 

75% 

Clover Seed 

Oil .. 

.. 201-11 

108-11 

61% 


Tests for the presence of vitamin A were done on the un¬ 
saponifiable matter of the oil by the Carr-Price Test (antimony 
trichloride in chloroform). These tests were entirely negative. 

This work has been carried out in the Department of Bio¬ 
chemistry of the University of Melbourne, and thanks are due to 
Professor W. J. Young for suggesting the line of investigation 
and for his help and advice throughout. 
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Art. XIII.— The Bearing of the Tertiary Sub-Basaltic Deposits 
on the Palaeo geography of the Lily dale District. 

By EDMUND D. GILL, B.A., B.D. 

[Read 11th December, 1941; issued separately, 31st August, 1942.] 
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Introduction. 

Selwyn (1856) and Murray (1887) made early references to 
the Older Basalt and accompanying deposits at Lilydale, the latter 
believing them to be connected with an ancient river flowing from 
Hoddle’s Creek through Lilydale and Kangaroo Ground to MeL 
bourne. Cresswelt (1893), Stirling (1899), Morris (1914), and 
Keble (1918) have also commented on these deposits and 
references to their views have been made under appropriate 
sections. 


Extent and Character of the Deposits. 

The deposits now to be described are to be found in the parishes 
of Mooroolbark, Lilydale, and Gruyere. The Older Basalt of this 
area consists of highly decomposed residuals capping the hills. 
The largest residual is that at Lilydale, which is 2^ miles long 
and from -£ mile to H miles wide. The sub-Older-Basalt deposits 
are fluviatile in origin and consist of clays, sands, quartzites, 
conglomerates, gravels, and ferruginous grits. The sands and 
quartzites are known to be fossil if erous. 

Clays. 

At Melbourne Hill, Lilydale (locality 2 on map, Gill 1940, p. 
252), a bed of clay outcrops in the road cutting under the basalt 
and unconformably over the bedrock of Yeringian strata. Similar 
clay is seen on Edward Road where the northern boundary of 
the basalt residual crosses that thoroughfare, and at Cave Hill. 
Cresswell (1893) shows (fig. 10) “ Whitish clay ” between the 
limestone and the basalt in the railway cutting just south of Cave 
Hill. Stirling (1899) refers to it as “ basaltic clay.” 
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Sands. 

Current bedded sands can be seen outcropping in the paddock 
at Black Springs on the north-eastern corner of the junction of 
the Lily dale Highway and Edward Road where they rest un¬ 
con form ably on fossiliferous Yeringian sandstones and mud¬ 
stones. This is the locality from which Mr. W. H. Ferguson 
collected fossil leaves, to which he has referred as “ Laurel 
leaves” (Ferguson, 1931, p. 52). Dr. R. T. Patton has kindly 
examined these leaves, and determined them as Nothofagus sp. 
Sub-basaltic river sands also occur at Melbourne Hill, Lilydale, 
and in the railway cutting immediately south of Cave Hill (22 
miles chains to 22 miles 12 chains). The largest of the extant 
deposits is at Cave Hill where they have been revealed by quarry¬ 
ing operations. Specimens have been collected which show the 
gradation from sand into the accompanying quartzite, which was 
formerly thought to be of Palaeozoic age. Silicilied wood 
(M.U.G.D. Fossil Coll., reg. no, 1737) from the Cave Hill sands 
has been sectioned at the Geology Department of the University 
by Mr. G. Baker, and determined by Miss A. M. Eckersley as 
referable to the family Lauraceae, probably the genus 
BciJschmicdia. 

An interesting feature of the Cave Hill sands is their inclusion 
of sheared and crushed pebbles. Such have not been found in 
any of the other sub-basaltic deposits of the district. As they 
are embedded in sands, their crushing can only have occurred 
in situ if they were formerly cemented and have since been de- 
cemented. They may have been derived from a crush zone else¬ 
where but the displaced edges do not show wear due to transport 
by water. The pebbles are of whitish, very hard quartzite. 

Sands occurring in the parish of Gruyere will be described in 
a subsequent section. 

Quartzites. 

These occur mainly in the parish of Mooroolbark, and consist 
chiefly of ridges of meridional trend running from Cave Hill 
towards Mooroolbark itself. On the eastern side of Cave Hill 
the quartzite appears to extend over the toscanite which is the 
lowest member of the Dandenong Mountains igneous suite. This 
extension is not unlikely since there is an outlier of toscanite 
north of Cave Hill and half a mile north-west of Lilydale rail¬ 
way station. The Olinda Creek alluvium in this area probably 
rests on a bedrock of toscanite. East of Cave Hill the toscanite 
actually outcrops in the bed of Olinda Creek. 

Cresswell (1893) drew a geological section through Cave Hill, 
and stated that the quartzites and conglomerates are Upper 
Silurian (= present Silurian) in age, and are conformable with 
the limestones of Cave Hill. Morris (1914) referred the sands 
to the Tertiary period, but considered the quartzites and con¬ 
glomerates to be Palaeozoic in age. The possession by the 
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quartzite ridges of a strike similar to that of the Palaeozoic bed¬ 
rock has lent colour to this interpretation. Their elevation above 
that of the surrounding Palaeozoic strata was explained as being 
due to the more resistant character of the quartzidc beds. Some 
10 years ago Mr. W, H. Ferguson mapped the area (Geol. Surv. 
Vic. unpublished map) and indicated the age of the quartzites 
and associated deposits as “ Lower Tertiary." The excavation of 
the limestone at Cave Hill quarry in recent years has clearly 
exposed the unconformity between the limestone and the over- 
lying sands-quartzite association, A horizontal bore at right 
angles to the strike in the eastern wall of the quarry has proved 
the extension of the limestone for 276 feet. Moreover, the dis¬ 
covery of the fossil wood in sands under the quartzite proves 
the Tertiary age. Furthermore, on the north side of Cave Hill 
there have been collected numerous pieces of quartzite containing 
holes which are possibly the casts of sticks and twigs. Quartzite 
also occurs with the sands in the railway cutting south of Cave 
Hill (22 mis. 11 chains). It also occurs in the parish of Gruyere 
as will be mentioned subsequently. 

Conglomerates. 

To the south of Cave Hill there are conglomeratic beds which 
have been silicified to varying degrees. Large pebbles occur in a 
matrix consisting of cemented quartz sand and gravel, and they 
consist chiefly of quartz and quartzose sandstone. In the parish 
of Gruyere small local occurrences of pebbly gravels grading into 
conglomerates are found. 

Gravels . 

Deposits of uncompacted water-worn fragments which are 
larger in size than those of the sands may be described as gravels. 
On the northern boundary of section 21, parish of Yering 
(Military map grid reference 340,470 Ringwood Sheet) there is 
a small residual of Older Basalt, and on its southern side quartz 
pebbles are common in the cultivated ground, indicative of a 
deposit of sub-basaltic gravel. There is a deposit of gravel north¬ 
east from this point, across Edward Road, also on top of a high 
hill, and this is regarded as being the eastern extension of the 
same sub-basaltic accumulation. The gravel is 15 to 20 feet thick 
and contains pebbles up to 10 inches in diameter. 

At the upstream end of Yering Gorge there is a deposit of 
gravel some four to five feet thick, about 30 feet above the present 
River Yarra level. The deposit is aligned parallel to the river 
course and was evidently deposited by that stream. Ferguson 
mapped this and a less conspicuous patch at about the same height 
at the other end of the Gorge with the other “ Lower Tertiary ” 
rocks. These gravels are between 100 and 150 feet lower than 
the undoubted sub-basaltic deposits. However, no similar 
deposits of gravel by the Yarra are to be seen anywhere in the 
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vicinity, so possibly these two gravel patches are sub-Older- 
Basalt gravels which were re-distributed by the Yarra when it 
was at a much higher level than it is now. 

Thick deposits of gravel also exist in the parish of Gruyere, 
further east (see map, fig. 1). On the road often called Gruyere 
Road which proceeds northwards between sections 6 and 7 of 
that parish from Victoria Road, there is a small branch road to 
the east one mile north of Victoria Road. At this corner sub- 
basaltic river sands can be seen resting unconformably on grey 
Palaeozoic shales in a small road cutting. The sands show signs 
of current bedding, and over them is a considerable thickness 
of gravel as is shown by the spoil heaps from nearby shallow 
shafts which were sunk in search for gold. Pebbles of all sizes 
up to a foot in diameter are present in these gravels. As one 
continues to the higher ground further south the deposits are 
seen to be still present. The outcropping of these deposits all 
the way up the slopes indicates that the sub-basaltic sands and 
gravels here are 30 feet or more in thickness. 



Ill other places in the parish, too, the thickness and extent 
of these sub-basaltic accumulations is demonstrated. North and 
south of the Varburton railway line east of VVandin pebbles are 
common in the cultivated ground. South of the line, on a small 
stretch of road parallel to it, two shafts have been sunk through 
the gravels. The debris is full of well-rounded pebbles of quartz 
and siliceous sandstones up to 7 inches in diameter. In the 
railway cutting nearby can be seen a decomposed intrusive rock 
in indurated Palaeozoic sediments. Half a mile away, on the 
other side of Victoria Road almost opposite the end of Burgi’s 
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Hill road, a small outcrop of granodiorite porphyrite (G. Baker 
determination: M.U.G.D. Slide Coll. No. 5185) about 15 feet 
in diameter and about a foot high was blasted from a small ridge 
running east and west. The rock was outcropping through the 
Older Basalt and was removed to facilitate cultivation. This 
rock, which is rich in quartz, may be one of the sources for the 
quartzose materials of the sub-basaltic deposits. 


Palaeogeography. 

The extent and thickness of the sub-Older-Basaltic deposits 
of the Lilydale District appear to the writer to be incongruous 
with the view that they belonged to a stream originating a few 
miles away on the Kinglake Plateau. The quartzite ridges rise 
50 feet and sometimes more above the bedrock. At Cave Hill up 
to 30 feet of sands can be seen in the quarry face surmounted 
by some 10 feet of quartzite. Also the deposits are laterally 
widespread, extending U miles even in extant formations. Fur¬ 
thermore, the material must have been transported for some 
distance because there arc no sources nearby from which there 
could possibly originate so great an amount of quartzose 
materials. What remains now must be only a fraction of the 
original deposits. It is thus clear that a river of some magnitude 
must have flowed over this area, but its course as explained by 
Keble (1918, p. 158) is inadequate to explain the occurrences. 
Keble considered that a river, commencing on the Kinglake 
Plateau, flowed alongside the Wurunjerri Range, followed a 
course parallel to the present Steel’s Creek, then proceeded south¬ 
wards through Lilydale to the sea, probably near Fraukston. He 
regarded the high ground east of Steel’s Creek as an uncovered 
residual which represented the course of the pre-basaltie stream. 
This area, however, consists of very steep country which con¬ 
stitutes the erosional escarpment of the Kinglake Plateau. A 
prominent hill called “ The Pinacles,” 912 feet high, is situated 
there, and in two miles southwards the elevation drops to 300 feet. 
The Steel's Creek area cannot be considered as part of the course 
of the pre-basaltic stream. 

The relative levels of the sub-basaltic deposits show that the 
pre-basaltic river flowed southwards through Lilydale, so if the 
upstream part of this ancient river did not come from the north 
(Kinglake Plateau), it must have come from the west or the 
east. It did not come from the west because along that flank 
ran the Wurunjerri Range (Keble, 1918; Hills, 1934). It must 
therefore have come from the east. However, to the immediate 
east is the Dandenong Range, terminating to the north in a long 
tongue of toscanite which extends as far as Coldstream. 1 he 
River Yarra has reduced the country to the north of the toscanite 
below the level of the pre-basaltic terrain, so no trace of the 
ancient river can be found there, but immediately to the east 
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of the toscanite flow, in the parish of Gruyere, big deposits of 
sub-basaltic materials are found. The character and extent of 
these are comparable with those of Lilydale, and show that this 
is the main course of the pre-basaltic river. Probably the reason 
which caused physiographers to look to the north for the con¬ 
tinuation of the sub-basaltic river is that it was believed that 
the Woori Yallock basin was drained by a river which flowed 
southwards through the Gembrook Gap (Gregory, 1903; Keble, 
1918). Edwards (1940) has recently shown that the pre-basaltic 
terrain in this area had a northerly and not a southerly slope. 
The evidence brought forward by Edwards (and now extended) 
of a basin with a northerly slope is so clear and definite that an 
indecisive ecological argument as developed by Clark (1941) 
based on the distribution of Eiiasfacus cannot discount it. 

Mr. G. Raker. M.Sc., kindly made a heavy mineral analysis 
of a sample of sub-basaltic gravel collected from the location of 
the mine shafts south of the Warburton railway line near Burgi’s 
Hill. Mr. Baker's report, which throws light on the origin of the^ 
sub-basaltic materials, is as follows: 

“ Macro: Grain size ranges from very fine clay to pebbles of quartz 
up to 10 mm. diameter and sandstone up to 32 mm. Quartz translucent, 
and mainly granitic. A few grains of reef quartz present. Grains 
principally angular. Bleached biotitc present in fairly large flakes. 
Occasional small pebbles of limonite were observed; also a few felspar 
grains and some of kaolin. 

Micro: Heavy minerals obtained by sieving and using material 0*5 
mm. and under, washed free of fine clay, then separated in bromoform 
(S.G. 2*88). The proportion of heavy minerals to others is small. 
The minerals present are— 

Ilmemte—abundant in heavy mineral residuum. 

Biotite—brown and bleached. 

Tourmaline—rare angular fragments and prisms, one rounded 
(waterworn). 

Zircon—rare. Yellow and colourless crystals; some acicular, some 
showing ‘ torpedo ’ habit, one zoned, few water-clear, some 
showing normal prism and pyramid faces; a few contain 
inclusions. One waterworn. 

Rutile—rare prisms. 

Cassiterite—rare grains. 

Anatase—one crystal (blue variety). 

Brookite—one crystal. 

Staurolite—one or two grains. 

Topaz—rare grains. 

Limonite and Leucoxene—occasional pseudomorphs after ilmenite. 

Note.— The presence of fresh biotite, the angularity of most grains, 
the occurrence of well-preserved crystal forms in zircon, rutile, and 
some of the tourmaline, and the abundance of ilmenite, indicate deriva¬ 
tion from a nearby acidic igneous mass and contact zone.” 

Tliis report deals with material which lies to a thickness of 
30 feet or more over the intrusion reported earlier in this paper. 
The origin of the material must be sought upstream from this 
point. If the pre-basaltic stream flowed southwards, then it is 
impossible to find an adequate source for the great quantity of 
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sub-basaltic materials. On the other hand, if the stream flowed 
northwards in this area, an adequate source for the material can 
be found in the granitoid rocks and dacites bordering on the 
Woori Yallock basin. A further piece of corroborative evidence 
is seen in the fact that the Older Basalt of the residuals at Silvan 
(in the Woori Yallock basin) and at Lilydale are both of the 
Flinders type (Edwards, 1939), whereas that at Berwick (south 
of the Gembrook gap) is different. 

That the p re-basal tic river flowed in a mature valley is shown 
by the wide lateral extent of the fluviatile deposits, and secondly 
by the gradient of the stream as shown by the elevations of the 
bases of the lava residuals. At Lilydale the fluviatile deposits 
extend for the full width of the lava residual, viz. 1^ miles, and 
may originally have been wider. At the south border of the 
parish of Gruyere, the base of the older basalt is between 550 and 
600 feet above sea-level, while west of Coldstream (Edward Rd.) 
it is approximately 450 feet, and at Lilydale it is about 400 feet. 
These figures indicate a gradient in the region of 15 feet fall 
per mile, which is approximately the devexity of the Dandenong 
Creek. 



Fig. 2. —The Course of the Pre-Basaltic River. (The 
broken line shows the probable course where 
the precise one is not known.) 


The general picture of the pre-basaltic stream is thus of a 
large river which drained the Woori Yallock basin, with tribu¬ 
taries which derived detritus from the Rowelltown and Dande¬ 
nong Ranges (fig. 2). This river did not flow east of the Warra- 
mate Hills as does the present River Yarra, but west of them, 
between that range and the toscanite hills further west. In 
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Oligocene times, which is probably the age of the basalt, the 
Warramate Hills were very likely continuous with the prominent 
V-shaped ridge to the north-west of them, for even now there 
are quite prominent hills in between them which have no Older- 
Basaltic deposits on them. The Y-shaped ridge is caused by the 
southerly pitch of a highly siliceous Yeringian horizon folded in 
a syncline, as surmized by Morris (1914). Its continuation to 
the south is seen in the prominent ridge which runs parallel with 
Boundary Road. The pre-basaltic river flowed to the north-west 
between the eminences just mentioned and the toscanite mass 
(fig. 1). The river quite probably continued in that direction 
until it met the Wurunjerri Range between Yarra Glen and 
Yering Gorge, whereupon it was deflected southwards between 
that Range and the Dandcnong mountains, thus passing through 
Lilydale. The levels of the Older Basalt and associated deposits 
in the parish of Gruyere show that the Warramate Hills are not 
an “ uncovered residual ” (Kehle, 1918), but a ridge of Palaeozoic 
sediments owing their prominence to their greatest hardness, i.e., 
to differential erosion (Hills, 1934; Edwards, 1940). 


Relation to Alleged Faulting. 

Another inference from the palaeogeographv is that there has 
been no major faulting in the vicinity of Lilydale in Tertiary 
times. This has a hearing on the Senkungsfeld Theory of Jutson 
(1911), and the problem of the Yering Gorge. Jutson considered 
a fault to be present along Brushy Creek because of the presence 
of a well-defined scarp to the west and a lowland to the east 
which he termed the “ Croydon Senkungsfeld.” Hills (1934) 
explained this by differential erosion because of the presence of 
hard quartzitic sandstones on the scarp, and because the supposed 
fault closely followed the strike of the beds. This contention is 
supported by the study of the pre-basaltic terrain, and also by a 
survey of the lithological types present in the area. The alleged 
differential throw of the fault corresponds to the hardness of 
the rocks at the points given. Jutson wrote, “ The difference in 
height at the various points (e.g., at the mouth of Brushy Creek, 
about 200 feet, at Croydon about 140 feet, and at the “ Kopje ” 
about 85 feet), between the Yarra Plateau and the Croydon 
Senkungsfeld, indicates approximately the throw of the Brushy 
Creek fault.” At the mouth of Brushy Creek is a very hard dyke 
of quartz porphyry, at Croydon there are resistant quartzitic 
sandstones, and at the “ Kopje " micaceous sandstones of a less 
resistant character. At the northern end of the “ Senkungsfeld ” 
Jutson made the Brushy Creek fault swing away to the east of 
north and pass along the margin of Yering Gorge, where he 
claimed that the Yarra is antecedent to the fault. Jutson’s section 
of Yering Gorge (1911, Plate LXXXVI.) shows both sides of 
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the Gorge of equal height, but the section as drawn from the 
contours of the Military Map (which was not available to Jutson) 
appears as in fig. 3. 



Fig. 3.—Section on Line A B in Fig. 1 across Yering Gorge. Horizontal 
Scale: 2 in. — ] mile; Vertical Scale: 1 in. = 1/1 Oth mile. 


The hill on the east side of the river is approximately the same 
height as most of the hills between Yering Gorge and Lilydale. 
The prominent ridge running from the basalt residual at Lilydale 
to the gorge is an “ uncovered residual.” At its northern end it 
has a small residual of basalt and deposits of gravel. It has no 
relation to the strike or hardness of the country rock and owes 
its elevation to its protection, until recently., by a capping of 
basalt. These hilltops, therefore, represent the level of the pre- 
basaltic terrain, whereas the high country to the west of the 
Gorge (the Christmas Hills) is really a spur of the Kingiake 
Plateau. The author is of the opinion that the Yering Gorge is 
due to the formation of a marginal stream where the Older 
Basalt was contiguous with the Wuruiijerri Range. I he stream 
was able to incise the bedrock more easily than the basalt, and 
so it cut down into the rocks which are hard compared with other 
Palaeozoic strata now exposed. The Yarra at this point is there¬ 
fore a “ superimposed ” stream. When once the less resistant 
adjoining strata were uncovered by the removal of the basalt, 
they were more quickly reduced by the sub-aerial forces, and 
so there is a low saddle (262 feet above sea level) to the east of 
the Gorge. This is approached on both sides by embayments in 
the river valley, and ill a short time (geologically) the remaining 
wall of rock, which is only about 25 feet above river level, will be 
reduced, and the river will short-cut across this point, leaving a 
wind-gap where the Gorge now is. 

The views set out in this paper also suggest an origin for the 
Yarra flats different from that given by Hills (1934, 1935), 
viz., that the eruption of a volcano at Lilydale blocked the pre- 
basaltic river and caused it to overflow across a saddle in the 
Wurunjerri Range. Chapman (1909) was apparently the first 
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to suggest that the depressions on the hill west of Lilydale arc 
volcanic vents. Morris (1914) supported the idea, but did so 
with reserve (p. 361). Hills adopted the idea to explain the 
deflection of the Yarra, but does not now himself adhere to that 
view (personal communication). Even if “ Crater Hill ” (as some 
residents call it) were a point of eruption, we cannot expect 
that well-shaped craters would persist since ? Oligocene times. 
The rock in this area is thoroughly decomposed, but occasional 
small pebbles of basalt are found in the red soil. Basalt is 
quarried for road purposes a little lower down the hill. There 
is no evidence of the presence of any fragmental volcanic rocks. 
The Yarra flats probably owe their origin to the formation of" a 
local base-level by the Yarra because of its restriction at Yering 
Gorge between the quartzitic sandstones and the basalt. Tt is 
imagined that after the basalt flow had filled the valley of the 
pre-basaltic river, that a stream developed marginal to the flow, 
following the edge of the Kinglake Plateau in the north and 
continuing southwards along the" edge of the Wurunjerri Range. 
The rocks on the edge of the erosion escarpment of the plateau 
in the vicinity of where Yarra Glen and Tarrawarra now stand 
would be more readily eroded than the resistant quartzitic rocks 
of the Wurunjerri Range. Thus the river upstream from the 
Gorge would tend to oscillate from side to side, widening its 
valley and in time becoming an aggrading stream (Hills, 1934, 
p. 169). There may have been other factors operating, but the 
formation of the flats has probably been due chiefly to the above 
cause. A similar local base-level, but on a smaller scale, has 
been formed between Yering Gorge and the Warrandyte Gorge. 


Summary and Conclusions. 

Fluviatile deposits of clays, sands, quartzites, gravels, con¬ 
glomerates, and grits have been described from the parishes of 
Mooroolbark, Lilydale, and Gruyere. Fossil leaves and wood are 
named. 

The aggregations indicate by their lateral extent, .their depth, 
and their elevations above sea-level that a large river flowed 
there in a mature valley. 

This river drained the Woori Yallock basin northwards, then 
flanking the toscanite mass at Coldstream, turned southwards 
through Lilydale. The river did not originate on the Kinglake 
Plateau as formerly thought. 

The reconstruction of the pre-basaltic terrain shows that there 
has been no major faulting in the vicinity of Lilydale. This 
means, among other things, that some other explanation than 
that previously given is required to explain the Yering Gorge. 
A theory of its origin is advanced. The origin of the Yarra flats 
is also discussed, 
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